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Chapter  VII. 


VEGETABLE  PRODUCTS. 


Having,  in  the  preceding  chapters,  examined  the  elementary  substances, 
and  such  of  their  combinations  as  are  the  result  of  artificial  operations, 
we  are  now  to  turn  our  attention  more  exclusively  to  the  products  of 
organization.  The  present  chapter  embraces  the  interesting  but  compli- 
cated and  difficult  subject  of  vegetable  chemistry , the  objects  of  which 
are  to  inquire  into  the  general  phenomena  of  vegetation,  to  ascertain  the 
nature  of  the  ultimate  elements  of  vegetable  products,  to  examine  the 
proportions  in  which  they  combine,  and  the  general  laws  that  influ- 
ence them;  to  ascertain  the  properties  and  distinctive  chemical  characters 
of  the  proximate  components  thence  resulting,  and  to  examine  into  the 
spontaneous  changes  to  which  they  are  subject,  including  the  phenomena 
of  fermentation. 

The  chemical  physiology  of  vegetables  constitutes  an  important  branch 
of  scientific  botany,  for  which  I must  refer  to  physiological  and  botanical 
authors*,  want  of  space  obliging  me  here  to  limit  myself  strictly  to  the 
enumeration  of  a few  leading  points  which  bear  directly  upon  chemistry, 
and  which  are  essentially  connected  with  the  theoretical  and  practical 
details  upon  which  I must  necessarily  enter,  or  which  have  been  touched 
upon  in  preceding  pages  of  this  volume. 


§ I.  Of  the  Growth,  Structure,  and  Functions  of  Plants. 

Seeds,  from  which  all  plants  are  originally  derived,  present  infinite  variety 
in  form  and  character;  without,  however,  adverting  to  the  minute  history  of 
their  different  parts,  we  may  here  refer  to  the  common  garden  bean  as  illus- 
trating the  general  structure  of  a dicotyledonous  seed,  and  as  enabling  us 
to  refer  generally  to  their  functions  and  developement.  This  seed,  when 
the  external  membranes  or  coverings  are  carefully  removed,  is  easily  sepa- 
rated into  two  distinct  portions,  which  constitute  the  bulk  of  the  seed,  and 
which  are  termed  the 
Cotyledons , they  are 
represented  by  a a in 
the  annexed  cut,  fig. 

235;  between  them  is 
seen  the  embryo  or 
germ , of  which  one  por- 
tion b , lying  between 
and  within  the  coty- 
ledons, is  termed  the  plumula , and  the  small  projecting  part  c is  called 
the  radicle. 

When  a seed  is  placed  under  favourable  circumstances,  the  different 
parts  begin  to  grow;  the  membranes  burst,  the  plumula  gradually  expands, 
and  rises  to  the  surface  of  the  soil,  and  the  radicle  puts  forth  ramifications, 
and  becomes  a root.  These  changes  constitute  germination.  The  coty- 
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ledons,  originally  insipid  and  farinaceous,  become  sweet  and  mucilaginous, 
and  furnish  materials  for  the  early  nutriment  of  the  young  plant,  before 
its  root  and  leaves  are  adequate  to  their  full  functions;  and  vessels  are 
observed  for  this  purpose,  as  represented  in  fig.  236.  When  the  root  and 
stem  have  acquired  a certain  vigour,  the  cotyledons  either  rot  away,  or 
become  leaves;  and  the  plant  then  derives  its  nourishment  by  the  root 
and  leaves,  the  former  collecting  materials  from  the  soil,  the  latter  from 
the  atmosphere. 

The  circumstances  requisite  for  the  healthy  germination  or  growth  of 
a seed  are  principally  the  following: — 1.  A due  temperature,  which  is 
always  above  the  freezing-point,  and  below  100°.  2.  Moisture  in  due 

proportion.  3.  A proper  access  of  air,  the  oxygen  of  which  is  slowly 
converted  into  carbonic  acid.  The  joint  operation  of  these  agents  also  is 
required:  for  seeds  exposed  to  air  and  moisture,  but  kept  below  32  , will 
not  grow,  though  they  are  not  injured  by  the  low  temperature:  nor  will 
a seed  vegetate  without  air,  though  moisture  be  present,  and  a sufficient 
temperature;  this  is  shown  by  burying  seeds  deep  in  the  soil,  and  by  the 
spontaneous  vegetation  upon  newly-turned  earth,  in  which  seeds  had 
existed,  but  through  absence  of  oxygen  had  been  unable  to  vegetate. 
Hence,  in  all  cases  of  tillage,  the  seeds  should  be  so  sown  as  that  the  air 
may  have  access;  in  sandy  soils  this  is  easily  attained,  but  in  clay,  the 
adhesiveness  of  the  material  becomes  a source  of  sterility. 

The  swelling  of  the  cotyledons  is  occasioned  by  the  absorption  of 
humidity ; accordingly,  all  seeds  enlarge  in  bulk  when  immersed  in  water, 
but  those  only  of  water-plants,  will  vegetate  under  such  circumstances ; 
others  require  the  more  free  access  of  air,  and  grow  in  the  common  soil 
at  depths  to  which  the  atmosphere  easily  finds  access,  and  which  mois- 
ture easily  percolates ; but  in  these  early  stages  of  vegetable  developement 
the  soil  is  of  no  further  use,  for  the  seed  will  grow  upon  wet-paper,  cloth, 
stone,  or  other  materials;  in  short,  air,  moisture,  and  heat,  are  the  only 
external  requisites ; everything  else  depending  upon  the  seed  itself. 
During  the  expansion  and  softening  of  the  cotyledons,  their  albuminous 
and  amylaceous  parts  become  converted  into  gum  and  sugar,  which  are 
absorbed  into  the  radicle,  and  contribute  to  its  nourishment  and  growth 
into  a root.  When  seeds  are  made  to  germinate  in  confined  portions  of 
air,  it  is  found  that  they  do  not  alter  its  bulk,  but  that  a part  of  its  oxygen 
is  converted  into  carbonic  acid;  hence,  one  consequence  of  germination  is  a 
diminution  in  the  relative  proportion  of  carbon  in  the  seed,  leaving  a com- 
parative excess  of  hydrogen  and  oxygen,  for  these  are  its  ultimate  elements. 
This  evolution  of  carbon  is  essential  to  the  growth  of  the  seed,  for  seeds  will 
not  germinate  unless  free  oxygen  be  present:  in  hydrogen,  nitrogen,  and 
carbonic  acid,  when  aided  by  moisture,  the  seed  swells  at  first,  but  then 
decays;  and  in  pure  oxygen  germination  is  morbidly  accelerated;  and  it  is 
said  that  certain  oxidizing  agents,  especially  the  aqueous  solution  of  chlo- 
rine, are  effective  in  the  restoration  of  the  germinative  power  to  old  and 
dry  seeds.  All  these  changes  are  injuriously  affected  by  light;  sunshine 
soon  kills  the  growing  seeds,  and  even  diffused  day-liglit  operates  unpro- 
pitiously; we  see,  therefore,  that  in  a properly-constituted  soil,  everythin  o- 
concurs  in  promoting  the  healthy  functions  of  the  seed;  air,  moisture^ 
and  heat,  are  duly  administered,  but  the  direct  influence  of  light  is 
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excluded:  darkness  seems  essential  to  the  early  developement  ot  all  living 
matter.  At  first,  the  radicle  is  most  rapid  in  its  growth ; the  nourishment 
supplied  by  the  cotyledons  going  chiefly,  if  not  exclusively,  to  it ; it  shoots 
forth  its  absorptive  fibrils,  which  now  take  up  nutriment  from  the  soil,  and 
feeding  upon  this,  the  plumula  rises  and  puts  forth  branches  and  leaves , 
the  profuse  and  even  infinite  variety  of  which  may  well  excite  our  wonder 
and  admiration,  and  is  doubtlessly  connected  with  ends  and  objects  ot 
which  we  at  present  are  ignorant. 

The  general  phaenomena  of  the  developement  of  a seed,  are,  chemically 
speaking,  the  same;  but  there  are  extraordinary  modifications  in  the 
growth  of  plants  derived  from  those  which  are  monocotyledonous , as 
opposed  to  those  derived  from  dicotyledonous  or  polycotyledonous  seeds  : 
the  former  class  includes  the  palm  tribe , and  the  greater  proportion  ol 
tropical  plants;  all  gramineous  and  liliaceous  plants  likewise  belong  to  it: 
their  growth  is  endogenous , that  is,  it  is  the  result  of  additions  made  in- 
ternally; the  latter  class  comprehends  the  ordinary  forest-trees,  and  the 
greater  number  of  our  common  vegetables;  in  them  the  growth  is 
external,  or  exogenous ; and  the  successive  additions  to  their  substance 
are  made  upon  the  exterior  of  the  parts  from  which  they  proceed. 
The  palm-tree  furnishes  an  instance  of  endogenous  growth:  it  hears 
a tuft  of  leaves  at  the  top  of  a very  lofty  cylindrical  stem,  composed  of  a 
dense  external  layer  of  wood,  and  increasing  in  porosity  towards  the  centre  ; 
its  general  texture  appears  similar  throughout,  and  the  distinctions  of 
pith,  wood,  and  bark,  are  not  perceptible  in  its  transverse  section  : its 
mode  of  growth  is  peculiar ; it  first  forms  a circle  of  leaves,  which  after 
having  attained  a certain  size,  are  succeeded  by  another  circle  growing 
from  the  interior  of  the  former : these  are  reproduced  annually,  each 
crop  exerting  an  outward  pressure  upon  the  ligneous  formation  of  the 
preceding  year,  which  at  length  becomes  too  dense  to  admit  of  further 
distension  : the  growth  of  the  inner  layers  is  then  necessarily  directed 
upwards,  so  that  they  each  successively  rise  by  distinct  stages,  always 
proceeding  from  the  interior ; but  the  stem  never  increasing  in  diameter 
after  the  consolidation  of  its  exterior  layer.  A disc  of  leaves  shoots 
yearly  from  the  new  layer  of  wood,  and  when  these  fall  off  they  leave  a 
circular  mark  upon  the  stem,  so  that  the  age  of  the  tree  may  be  judged 
of  by  the  number  of  these  alternations  of  circular  knots.  Similar 
appearances  may  be  observed  upon  grasses. 

The  section  of  a bicotyledonous  tree,  or  one  of  exogenous  growth, 
exhibits  several  distinct  formations  : there  is  a central  pith , the  struc- 
ture of  which  is  cellular  or  spongy,  and  not  tubular,  and  which  is 
liable  to  much  variation  in  quantity  and  character  in  different  plants  01- 
trees,  and  at  different  stages  of  their  growth:  it  is  surrounded  by  con- 
centric layers  of  wood , the  exterior  portions  of  which  are  softer  than  the 
interior;  hence  the  distinction  into  alburnum  or  new  wood , and  duramen 
or  heart  wood,  the  former  being  paler  than  the  latter,  which  is  often  brown, 
and  in  ebony,  black.  The  wood  is  enveloped  by  the  bark , which  consists 
also  of  concentric  layers,  of  which  the  innermost  bears  the  name  of  liber ; 
the  whole  is  covered  by  cellular  tissue  and  epidermis : the  bark,  like  the 
wood,  when  more  than  one  year  old,  is  composed  of  as  many  layers  of 
cellular  integument  and  woody  fibre  as  it  is  years  old,  the  former  being 
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external,  and  the  latter  internal,  in  each  layer,  and  every  layer  being- 
formed  beneath  the  previous  one,  and  therefore  next  the  wood:  so  that 
the  bark  is  to  a certain  extent  elastic  or  distensible;  but  after  a time  it 
splits,  as  in  the  e/m,  the  cork , and  the  generality  of  European  trees; 
or  it  peels  off,  as  in  the  plane  and  birch.  In  the  spring  of  the  year  a 
viscid  substance  is  found  between  the  bark  and  the  wood,  which  is  termed 
cambium.  Besides  these  distinct  formations  which  trees  of  exogenous 
growth  present,  the  horizontal  section  of  the  stem  exhibits  a number  of 
rays  or  lines  proceeding  from  the  pith  to  the  circumference ; they  are 
apparently  composed  of  one  or  more  layers  of  cellular  tissue,  and  are 
termed  medullary  rays  ; in  longitudinal  section  they  give  to  many  woods 
a peculiar  satiny  lustre.  As  a new  layer  of  wood  and  bark  are  formed 
annually,  it  is  customary  to  judge  of  the  age  of  trees  by  the  number  of 
concentric  rings  which  either  of  them  exhibits ; but  these  calculations  are 
open  to  many  fallacies.  (See  Lindley’s  Introd.  to  Botany , book  i.,  chap,  ii.) 

The  cuticle , or  most  superficial  membrane  of  plants,  is  extremely 
varied  in  different  vegetables,  and  in  different  parts  of  the  same  plant: 
it  extends  over  every  part  of  the  plant ; it  allows,  by  its  pores,  or 
stomata , of  absorption  and  transpiration,  and  being  generally  transparent, 
at  least  upon  the  leaves  and  flowers,  it  admits  the  influence  of  light. 
The  cuticle  varies  in  texture  and  appearance  in  different  plants.  On  the 
currant  and  elder  tree,  it  is  smooth,  and  scales  off : on  the  fruit  of  the 
peach,  and  on  the  leaf  of  the  mullein,  it  is  covered  with  wool ; on  the 
leaf  of  the  white  willow,  it  is  silky;  in  several  plants,  it  is  covered  with 
hair  and  bristles,  which  in  the  nettle  are  perforated,  and  contain  a 
venomous  fluid : on  the  plum  and  upon  many  leaves,  it  is  varnished  with 
a resinous  exudation,  which  prevents  injury  from  rain : it  is  fungous  on 
the  bark  of  the  cork-tree ; and  on  grasses,  on  the  equisetum,  and  espe- 
cially on  different  species  of  the  rattan,  it  is  covered  with  a glassy  net- 
work of  silica.  This  fact  first  occurred  to  Sir  IT.  Davy  in  1798,  and  led 
to  experiments  by  which  he  ascertained  that  siliceous  earth  existed  gene- 
rally in  the  epidermis  of  the  hollow  plants.  44  It  serves,”  he  observes, 
44  as  a support,  protects  the  bark  from  the  action  of  insects,  and  seems  to 
perform  a part  in  the  economy  of  those  feeble  vegetable  tribes,  similar  to 
that  performed  in  the  animal  kingdom  by  the  shell  of  the  crustaceous 
insects/’  Silica  is  also  found  in  the  hollow  stem  of  the  bamboo,  con- 
stituting the  substance  called  tabasheer.  It  is  to  the  large  quantity  of 
silica  existing  in  grasses,  that  the  glassy  character  of  the  products  of 
burned  hay  and  corn  stacks  is  to  be  attributed. 

Under  the  cuticle,  or  epidermis,  is  the  parenchyma  ; a soft  substance, 
appearing  under  the  microscope  of  a honeycombed  or  hexagonal  cellular 
structure,  resulting  from  the  mechanical  laws  which  influence  the  pres- 
sure of  soft  cylinders. 

As  the  tree  grows,  the  stem  and  the  root  both  send  out  their  branches 
or  ramifications,  and  the  phenomena  of  their  production  are  extremely 
curious  and  interesting : the  branches,  and  their  subdivisions,  are  generally 
produced  with  remarkable  regularity,  so  as  to  give  a defined  outline  to 
the  shrub  or  tree,  except  where  unequal  exposure  to  air,  light,  or  heat, 
causes  one  side  to  expand  more  luxuriantly  than  the  other : the  root, 
too,  in  an  uniform  soil,  extends  equally  on  all  sides,  but  various  causes 
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likewise  interfere  with  its  growth,  and  it  sometimes  presents  very  extra- 
ordinary diversions  from  its  usual  progress. 

I have  already  noticed  the  infinitely- varied  forms  and  textures  of  the 
leaves  of  plants ; their  anatomy  has  been  closely  investigated  by  botanists 
as  well  as  the  mode  of  their  growth  or  formation ; they  for  the  most  part 
exhibit  a beautiful  skeleton  or  frame-work  of  ligneous  fibre,  supporting 
a delicate  vascular  and  cellular  structure,  and  are  covered  by  cuticle.  The 
jlorvers , and  their  parts,  are  analogous  in  anatomical  structure. 

Besides  the  cells , which  have  been  mentioned  as  constituting  a large 
proportion  of  the  vegetable  texture,  there  also  are  membranous  tubes 
interspersed  through  their  various  parts,  which  exhibit  extraordinary 
varieties  in  their  form,  characters,  and  dimensions;  some  are  simple, 
others  jointed,  or  spiral,  or  annular,  or  perforated ; their  contents  also,  as 
well  as  those  of  the  cells,  are  very  various ; they  contain  crude  or 
concocted  sap,  various  secretions,  or  products  of  vegetation,  and  air. 

The  nourishment  of  plants  is  partly  derived  from  the  soil,  through  the 
medium  of  the  roots,  and  partly  from  the  air,  by  means  of  the  leaves.  In 
spring,  before  the  leaves  appear,  the  roots  are  chiefly  active,  and  absorb 
soluble  matters  from  the  soil,  derived  from  the  decay  of  the  fallen  leaves 
of  the  preceding  autumn.  The  absorptive  power  of  the  root  is  not  merely 
capillary,  but  peculiar  and  vital,  and  seems  to  reside  in  the  terminal 
fibres  or  spongioles , and  not  in  the  radicular  branches  generally;  hence 
the  injury  which  is  generally  inflicted  upon  the  root  by  removal  or 
transplantation ; the  necessity  of  carrying  with  the  root  a sufficient  ball 
of  earth  to  prevent  the  abrasion  or  fracture  of  the  spongioles;  and  the 
advantage  of  growing  plants  in  pots,  which  are  intended  afterwards  to  be 
removed  into  the  border.  The  roots  absorb  some  substances  more  readily 
than  others,  but  they  have  no  selective  power  in  respect  to  the  most 
appropriate  nutriment ; and  Saussure  has  shown  that  they,  in  many  in- 
stances, absorb  poisonous  substances  more  rapidly  than  others.  Mareet’s 
experiments  have  taught  us  that  white  arsenic  and  corrosive  sublimate  are 
poisonous  to  vegetables  as  well  as  to  animals;  and  that  vegetable  poisons 
are  equally  active,  such  as  opium  and  prussic  acid,  which  when  applied, 
even  in  very  dilute  solution,  to  the  roots,  cause  the  plant  to  droop  and 
die.  It  has  been  supposed  that  the  access  of  air  to  the  roots  of  plants  is 
not  only  not  prejudical,  but  that  it  favours  the  healthy  performance  of 
their  functions. 

The  fluids  which  are  absorbed  by  the  roots  of  plants,  constitute  the 
crude  or  ascending  sap*;  they  are  circulated  in  appropriate  vessels 
throughout  the  vegetable  fabric,  being  transmitted  more  copiously  to 
some  organs  than  to  others,  and  contribute  to  the  formation  of  new  parts, 


* The  sap  of  plants  is  of  very  various 
composition,  and  contains,  besides  cer- 
tain proximate  vegetable  principles, 
several  saline  substances,  especially  the 
acetates  of  potassa  and  of  lime : it  also 
often  exhibits  traces  of  uncombined 
vegetable  acids.  The  sap  of  the  elm, 
beech,  hornbeam,  and  birch,  have  been 
examined  by  Vauquelin  {Ann.  de  Chirm. , 
xxxi.):  he  found  extractive  and  mucila- 


ginous matter,  and  acetic  acid  combined 
with  potassa  and  lime.  The  solid  matter 
afforded  by  their  evaporation,  yielded 
an  ammoniacal  smell,  probably  owing  to 
albumen : the  sap  of  the  birch  afforded 
saccharine  matter.  Dr.  Prout  has  given 
some  account  of  the  sap  of  the  vine.  Its 
taste  is  sweetish,  and  its  specific  gravity 
scarcely  exceeded  that  of  water.  Potassa 
and  ammonia  reddened  it,  and  precipi- 
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and  to  the  composition  of  their  various  secretions.  Hales,  long  ago, 
demonstrated  the  power  with  which  the  sap  ascends  in  its  vessels,  and 
endeavoured  to  account  for  the  rapidity  and  the  direction  of  its  progress ; 
but  this  phenomenon  is  still  unexplained : a valvular  system  in  the  ves- 
sels, somewhat  similar  to  that  of  the  veins  of  animals,  was  presumed  to 
be  efficient  in  preventing  the  retrograde  motion  of  the  sap ; but  the  well- 
known  fact,  that  a plant  may  be  inverted,  and  that  the  branches  may  be 
made  roots  and  the  roots  branches,  subverts  such  an  hypothesis.  When 
the  sap  has  once  entered  its  vessels  it  seems  invariably  to  tend  (perhaps 
in  the  direction  of  least  resistance,)  towards  the  leaves , which  as  regards 
its  chemical  changes  and  elaboration,  are  certainly  most  important  and 
essential  organs.  The  quantity  of  the  sap  which,  in  many  plants,  is  thus 
carried  upwards  from  the  roots,  is  very  surprising,  considering  the  source 
whence  it  must  be  derived ; it  may  often  be  abundantly  collected  by 
cutting  off  a branch  of  a young  and  thriving  tree  or  shrub,  and  it  is  then 
seen  to  ooze  from  the  section,  flowing  over  in  drops,  and  running  down 
the  stem.  The  vast  evaporation,  also,  that  takes  place  by  the  leaves,  must 
be  chiefly,  if  not  exclusively,  supplied  by  the  roots.  Many  plants,  ex- 
amined by  Woodward,  lost,  in  three  months,  one  hundred  times  their 
own  weight  of  water  by  transpiration.  Hales  found  a sun-flower  lose 
one  pound  four  ounces,  and  a cabbage  one  pound  three  ounces  in  twenty- 
four  hours,  by  this  process.  This  perspiration  is  said  to  depend  upon  the 
number  of  the  stomata , and  therefore  to  be  less  in  evergreens,  in  which 
they  are  few,  than  in  deciduous  and  herbaceous  plants.  Whenever  the 
balance  between  the  absorptive  power  of  the  spongioles  and  the  emissive 
power  of  the  leaves  is  disturbed,  the  plant  suffers,  as  we  see  by  the 
drooping  of  the  leaves  in  a warm  and  dry  atmosphere  on  the  one  hand, 
and  in  a dry  soil  on  the  other. 

The  leaves  are  the  seat  of  the  most  important  vegetable  functions ; 
they  are  organs  of  absorption  and  emission,  of  nutrition  and  of  digestion. 
The  sap  which  in  its  crude  state,  as  it  rises  from  the  roots,  is  extremely 
dilute,  and  consists  of  little  else  than  water,  with  gum  and  sugar,  and 
traces  of  saline  matter,  is  concentrated  by  evaporation  in  the  leaves,  and 
receives  an  addition  of  carbon  from  the  carbonic  acid  in  the  atmosphere ; 
air,  and  light,  and  heat,  are  active  in  these  changes,  and  the  leaves  are 


tated  red  flocks  soluble  in  acetic  acid. 
It  was  rendered  slightly  turbid  by  nitrate 
of  silver,  subacetate  of  lead,ferrocyanuret 
of  potassium,  and  oxalate  of  ammonia.  It 
contained  carbonic  and  acetic  acids,  and 
an  alkali.  {Ann.  of  Phil.,  v.)  Professor 
Sclierer  analyzed  the  sap  of  the  common 
maple : it  had  a milky  appearance,  and 
sweet  taste.  It  did  not  affect  litmus  or 
turmeric.  It  was  precipitated  by  oxalate 
of  potassa,  nitrate  of  silver,  and  baryta- 
water.  When  evaporated,  it  yielded  a 
salt,  with  base  of  lime,  containing  a 
peculiar  acid,  which  he  calls  aceric  acid . 
(Schweigger’s  Journal , iv.) 

The  sap  of  the  rose-tree  has  been 
examined  by  Mr.  Addams.  {Quarterly 


Journal , iv.,  147,  IV.  S ) In  twelve  fluid 
ounces  he  found 

p 

Oxalate  of  lime  . . . 2.900 

Acetate  of  lime  ...  1 .097 

Acetate  of  potassa  . . 0.700 

Gum  and  extractive  . 2.100 

Sugar,  &c.  (soluble  in  I „ . n 

alcohol)  . . . ./  U UU 

Loss 0.353 


7.250 

It  is,  however,  almost  impossible  to 
collect  the  ascending  sap  without  ad- 
mixture of  some  other  juices  of  the  plant, 
so  that  the  analyses  only  afford  approxi- 
mations to  its  real  composition. 
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admirably  adapted  to  such  complicated  purposes.  Their  influence  in 
modifying  the  composition  of  the  sap,  and  in  supplying  food  to  all  parts 
about  them,  is  shown  by  the  mischief  which  ensues  when  they  are  re- 
moved ; and  we  have  evidence  of  their  emissive  or  perspiratory  powers 
in  the  watery  vapour  which  they  give  off,  and  which  sometimes  collects 
in  drops ; they  also  occasionally  secrete  grosser  compounds,  such  as 
honey-dew,  wax,  and  ladanum.  If  we  place  a healthy  leaf  between  two 
cold  plates  of  glass,  we  generally  observe  that  the  greatest  visible  trans- 
piration is  from  the  lower  surface,  and  the  organization  of  the  leaf  is 
apparently  such  as  to  render  that  surface  the  most  apt  for  the  escape  of 
watery  vapour : but  in  some  plants  the  upper  surfaces  of  the  leaves  are 
said  to  be  most  active,  so  that  probably  both  the  absorptive  and  ..excretive 
power  of  the  leaves  varies  in  different  individuals. 

One  of  the  most  curious  and  important  functions  of  the  leaves  is  their 
power  of  decomposing  the  carbonic  acid  which  is  always  present  in  the  air, 
retaining  its  carbon,  or  a portion  of  it,  and  emitting  pure  oxygen  (p,  65); 
and  to  show  how  important  an  agent  light  is  in  inducing  these  chemical 
changes,  it  is  found  that  they  only  go  on  under  its  influence  (p.  1 83,)  and 
that  in  the  dark  they  are  either  inactive,  or  even  deteriorate  the  air  (as  we 
are  in  the  habit  of  saying,)  by  the  addition  of  carbonic  acid ; upon  the 
whole,  however,  although  different  plants  act  very  differently  in  this  respect, 
there  can  be  no  doubt  that  the  influence  of  the  vegetable  creation  upon 
the  atmosphere  is  purificative ; that  is,  that  part  of  the  carbonic  acid  pro- 
duced by  animal  respiration,  and  by  combustion  and  other  causes,  is 
decomposed  by  the  leaves,  and  that  they  evolve  more  oxygen  during  the 
day-time  than  carbonic  acid  during  the  night.  This  is  well  illustrated  by 
Dr.  Priestley’s  experiments  on  the  sprigs  of  mint  already  cited  (p.  65.) 
We  now,  also,  shall  duly  appreciate  the  importance  of  aqueous  vapour, 
and  of  carbonic  acid,  as  components  of  the  atmosphere  (p.  411),  for  that 
the  leaves  often  absorb  moisture  from  the  air  is  shown  by  the  reviving 
influence  of  damp  air  upon  a drooping  plant,  or  of  the  direct  application 
of  water  to  its  leaves.  It  has  also  been  proved  that  no  oxygen  is  evolved 
by  plants,  except  carbonic  acid  be  present  in  the  air.  Aquatic  plants 
furnish  a striking  corroboration  of  these  observations ; they  decompose 
the  carbonic  acid  of  the  air  in  water,  and  evolve  oxygen  during  the 
influence  of  light ; this  carbonic  acid  may  be  furnished  from  various 
sources,  but  part  of  it  is  often  derived  from  the  respiration  of  fishes,  and 
would  accumulate  to  a noxious  extent  were  it  not  replaced  by  the  oxygen 
emitted  by  the  plants ; hence  it  is  that  fish  never  thrive  in  waters  which 
are  exempt  from  vegetation;  and  that  in  ornamental  vases  and  basins,  in 
which  there  are  fish,  aquatic  plants  are  at  the  same  time  desirable.  But, 
although  plants  will  not  thrive  without  access  to  carbonic  acid,  its  excess 
is  prejudicial,  and  it  has  been  found  to  operate  as  a poison  when  it 
exceeds  one-twelfth  of  the  atmospheric  air ; in  such  proportion,  however, 
it  never  exists  in  the  free  atmosphere. 

Saussure’s  experiments  upon  the  functions  of  the  leaves  have  taught 
us  the  curious  fact,  that  along  with  the  carbon,  a portion  of  oxygen  is 
also  absorbed,  and  this  (in  the  absence  of  light)  from  an  atmosphere  not 
containing  carbonic  acid.  Fresh  leaves,  exposed  in  the  dark  under  a 
bell-glass  of  air,  absorb  one  portion  of  oxygen,  and  convert  another  into 
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carbonic  acid:  if  afterwards  exposed  to  the  light , and  especially  to  the 
direct  rays  of  the  sun,  they  re-absorb  the  carbon,  and  give  out  the  whole 
of  the  oxygen,  gradually  restoring  the  air  to  its  pristine  condition.  Very 
succulent  leaves  (those  of  the  Cactus  opuntia  for  instance),  absorb  oxygen 
in  the  dark,  and  again  evolve  it  in  the  light:  in  the  course  of  30  hours 
they  thus  absorbed  more  than  their  own  bulk,  and  it  could  not  be 
extracted  from  them  either  by  warmth,  or  by  exposing  them  in  the 
vacuum  of  the  air-pump,  though  in  the  sun’s  rays  they  invariably  emitted  it. 
These  properties  belong  to  the  leaves  of  all  plants,  but  the  effects  vary 
much  in  degree  in  different  genera;  they  are  also  probably  more  or  less 
resident  in  all  the  green  parts  of  vegetables,  but  are  not  possessed  by  the 
bark  or  roots. 

The  changes  which  the  sap  undergoes  in  the  leaves  are  extremely 
complicated;  it  is  not  merely  concentrated  by  evaporation,  but  is  rendered 
the  source  of  the  wonderful  products  which  characterize  the  different 
genera  of  plants,  and  of  the  materials  required  for  their  growth:  these 
changes  are  sometimes  manifest  in  their  obvious  properties ; thus,  the 
leaves  of  some  species  of  Bryophyllum , are  said  to  be  sour  in  the  morning, 
tasteless  at  noon,  and  bitter  at  night,  reddening  litmus  at  one  time  of  the 
day  and  not  at  another;  the  flowers  of  the  Cichorium  intibus  are  white  or 
blue,  according  to  the  intensity  of  the  day-light;  and  many  fruits  are 
observed  to  be  more  acid  in  the  morning  than  in  the  evening. 

The  circulation  of  the  sap,  as  has  been  before  remarked,  is  involved, 
as  to  its  cause,  in  great  obscurity,  and  even  the  general  direction  of  its 
progress  in  the  growing  vegetable  has  not  been  very  satisfactorily  ascer- 
tained; but  the  researches  of  Andrew  Knight  ( Phil . Trans .,  1801),  and 
other  experimental  physiologists,  render  it  probable,  that  the  chief  ascent 
of  the  sap  from  the  roots  to  the  leaves,  is  in  the  vascular  system  of  the 
alburnum  and  outer  layers  of  wood,  that  it  is  thence  transferred  into  the 
leaves,  and  that  having  there  undergone  changes,  some  of  which  have 
been  adverted  to,  it  descends  chiefly,  but  not  exclusively,  by  the  liber  or 
inner  layer  of  bark,  giving  rise  to  the  secretion  of  cambium , to  the  for- 
mation of  new  wood,  and  to  the  deposition  or  separation  of  gum,  resin, 
and  other  characteristic  proximate  principles.  The  proofs  of  this  circu- 
lation of  the  sap  are,  that  if  a branch  be  cut  through  in  the  spring,  sap 
will  exude  more  or  less  from  its  whole  surface,  but  most  copiously  from 
the  alburnum ; if  it  be  cut  half  through,  and  a semicylindrical  piece 
removed,  the  principal  exudation  of  sap  upon  the  upper  half  will  then  be 
in  the  inner  layers  of  the  bark,  and  the  liquid  which  there  oozes  will  be 
different  from,  and  more  concentrated  than  that  which  runs  from  the 
outer  layers  of  the  wood ; as  if  the  ascending  sap-vessels  had  been  divided 
in  the  alburnum,  and  the  descending  in  the  liber;  and  if  a ring  of  bark 
be  carefully  removed  from  a branch  of  a young  tree  early  in  the  spring, 
the  portion  above  the  section  will  be  turgid,  and  perhaps  bear  blossom 
and  fruit,  indicating  symptoms  of  accumulation  of  sap,  the  escape  of 
which  from  the  cut  surface  is  soon  prevented  by  the  induration  of  the 
inspissated  descending  sap,  and  ultimately  by  the  growth  of  new  ligneous 
matter,  the  proportion  of  which  is  enormous  upon  the  upper , as  compared 
with  that  upon  the  under  line  of  section.  This  explains  the  influence  of 
ringing  the  branches  of  fruit  trees,  with  a view  of  rendering  them  pro- 
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ductive;  and  tlie  difference  between  the  ringed  and  the  other  branches  is 
often  very  striking,  late  in  the  season,  as  affecting  the  fruit,  leaves,  and 
general  aspect  of  the  plethoric  parts. 

Plants  are  in  general  extremely  susceptible  of  impurities  in  the  air 
that  surrounds  them ; slight  modifications,  therefore,  in  the  composi- 
tion of  the  atmosphere,  are  more  or  less  prejudicial  to  their  growth; 
especially  when  not  under  the  influence  of  light:  thus,  although  in  the 
sun,  a plant  will  thrive  in  air  containing  8 or  10  per  cent,  of  carbonic 
acid,  such  excess  of  that  gas  is  fatal  to  it  in  the  shade.  The  experiments 
of  Drs.  Christison  and  Turner  upon  this  subject  (Brewster’s  Journal , 
1828,  and  Lindleys  Introduction , book  ii.,  eh.  v.),  are  very  instructive; 
and  instead  of  being  surprised  at  the  injury  which  plants  sustain  in  the 
atmosphere  of  London,  lead  us  to  wonder  that  they  are  not  more  generally 
affected  by  it;  there  is  no  doubt,  however,  that  plants,  like  animals,  vary 
in  regard  to  the  delicacy  of  their  constitutions,  and  that  some  are  infinitely 
more  susceptible,  not  only  of  changes  in  the  temperature  and  humidity 
of  the  air,  than  others,  but  are  fatally  influenced  by  the  presence  of 
foreign  matters  which  more  hardy  tribes  resist.  Dr.  Macculloch  has 
given  us  some  curious  facts  upon  this  subject,  very  interesting  to  the 
metropolitan  and  suburban  horticulturist,  in  a paper  on  culture  of  Mural 
Plants , in  the  Quarterly  Journal  of  Science  for  1829. 

The  influence  of  the  flowers  of  plants  upon  the  atmosphere,  is  pro- 
bably as  various  as  are  their  infinitely-varied  forms,  colours,  odours,  and 
composition;  even  in  the  light,  they  invariably  deteriorate  the  air;  that 
is,  they  convert  a portion  of  its  oxygen  into  carbonic  acid,  and  that,  more 
rapidly  than  the  leaves  are  found  to  do,  in  the  dark:  the  sexual  organs 
of  the  flower  have  been  shown  by  Saussure  materially  to  influence  the 
destruction  of  oxygen.  From  M.  Berard’s  experiments  on  the  action  of 
fruits  upon  air  (Ann.  de  Chim.  et  Phys .,  xvi.),  it  appears  that  they,  in 
all  cases,  tend  to  the  production  of  carbonic  acid,  and  that  this  loss  of 
carbon  is  essential  to  the  ripening  of  the  fruit;  for  when  deprived  of 
oxygen,  the  fruit  dies.  When  fruits  rot,  they  first  change  a portion  of 
the  surrounding  oxygen  into  carbonic  acid,  and  then  liberate  the  same 
gas  ready  formed.  He  considers  gum  and  lignin  as  the  principles  in 
unripe  fruits  which  chiefly  tend  to  the  formation  of  sugar  during  their 
ripening,  and  has  given  several  analyses  of  fruits  in  illustration  of  these 
views,  a few  of  which  are  selected  in  the  following  Table : the  elements 
of  water  are  also  probably  concerned  in  the  change. 


CHERRIES. 

PLUMS. 

PEACHES. 

PEARS 

APRICOTS. 

Green. 

Ripe. 

Green. 

Ripe. 

Green. 

Ripe. 

Green. 

Ripe. 

Green. 

Riper. 

Ripe. 

Vegetable 

albumen 

} ■ 

0.21 

0.57 

0.45 

0.28 

0.41 

0.93 

0.08 

0.21 

0.76 

0.34 

0.17 

Colouring 

matter 

} • 

0.05 

. , 

0.03 

0.08 

0.27 

, , 

0.08 

0.01 

0.04 

0.03 

0.10 

Liguin 

• 

2.44 

1.12 

1.26 

1.11 

3.01 

1.21 

3.80 

2.19 

3.61 

2.53 

1.86 

Gum 

6.01 

3.23 

5.53 

2.06 

4.22 

4.85 

3.17 

2.07 

4.10 

4.47 

5.12 

Sugar 

. 

1.12 

18.12 

17-71 

24.81 

0.63 

11.61 

6.45 

11.52 

Trace 

6.64 

16.48 

Malic  acid 

. 

1.75 

2.01 

0.45 

0.56 

1.07 

1.10 

0 11 

0.08 

2.70 

2.30 

1.80 

Lime  . 

• 

0.14 

0.10 

Traces 

Traces 

0.08 

0.06 

0.03 

0.04 

Trace 

T race 

Trace 

Water 

• 

88.28 

74.85 

74.57 

71.10 

90.31 

80.24 

86.28 

83.88 

89.39 

84.49 

74.87 
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The  evolution  of  heat  during  the  germination  of  seeds,  is  well  shown 
by  the  rise  of  temperature  in  the  process  of  malting ; and  the  temperature 
of  the  organs  of  the  flower,  during  the  period  of  their  activity,  is,  in  some 
plants,  many  degrees  above  that  of  the  atmosphere : these  cases  of  the 
production  of  heat,  must  not  be  confounded  with  those  of  fermentation; 
they  are  perfectly  distinct,  especially  in  the  latter  case.  It  appears 
probable  that  all  plants  have  a power,  dependent  upon  their  vitality,  of 
maintaining,  to  a certain  extent,  an  equable  temperature;  but  how  far 
their  internal  heat  can  be  affected  by  external  causes,  has  not  as  yet  been 
satisfactorily  ascertained. 

I have  now  briefly  enumerated  a few  of  those  phenomena  of  vegeta- 
tion in  which  chemical  changes  are  principally  concerned;  the  whole 
inquiry  is  full  of  interest  to  the  chemical  physiologist.  Among  the  vital 
powers  of  plants,  there  are  some  which  I have  not  adverted  to,  because 
apparently  unconnected  with  the  subject  before  us;  such  as  the  sleep  of 
plants;  the  expansion  and  contraction  of  their  flowers  and  leaves, 
dependent  upon  the  presence  or  absence  of  light;  their  spontaneous  and 
their  involuntary  motions,  as  in  the  Hedysarum  gyrans,  the  Mimosa  pudica, 
the  Dioncea  muscipula , and  the  influence  of  electricity  upon  the  latter. 

It  has  been  stated  that  carbon,  oxygen,  and  hydrogen,  and  frequently 
nitrogen,  appear  to  be  the  essential  ultimate  elements  of  vegetable  pro- 
ducts, and  it  is  evident  that  they  derive  a part  of  their  carbon  and  oxygen 
from  the  air:  the  source  of  their  hydrogen  and  nitrogen  is  less  obvious; 
they  may  possibly  decompose  water;  may  derive  nitrogen  from  the  air, 
or  both  from  the  soil.  That  plants  derive  much  of  their  nutriment  from 
the  latter,  is  obvious  from  its  impoverishment,  and  from  the  direct  in- 
fluence of  nourishment  so  applied;  the  substances  thus  taken  up,  are,  or 
at  least  may  be,  very  complicated,  consisting  of  a variety  of  soluble 
matters,  of  inorganic  as  well  as  of  organic  origin;  and  the  rapidity  or  facility 
with  which  they  are  imbibed  depend  upon  a variety  of  obscure  causes, 
and  partly  upon  the  relative  magnitude  and  absorbent  powers  of  the 
leaves;  for  it  is,  I believe,  admitted,  that  plants  with  large  systems  of 
leaves,  absorb  less  from  the  soil  than  those  which  are  less  liberally  pro- 
vided with  foliage;  and,  independent  of  this,  some  plants  are  certainly 
more  voracious  and  gross  feeders  than  others,  thriving  in  proportion  to 
the  richness  of  the  soil,  and  acquiring  odour  and  flavour  from  the  manure 
with  which  they  are  supplied. 

Manures  are  of  vegetable , animal , or  mineral  origin.  The  two  former 
are  capable  of  affording  two  of  the  essential  ingredients  of  plants,  namely, 
carbon  and  hydrogen;  they  may  also  yield  some  of  the  immediate  prin- 
ciples of  vegetables.  The  mere  existence,  however,  of  vegetable  matter 
in  the  soil,  is  not  sufficient  to  constitute  it  a manure ; it  must  be  reduced 
to  a soluble  state ; to  a state  in  which  it  can  be  absorbed  by  the  roots  of 
a growing  vegetable;  this  is  often  effected  by  fermentation  or  putrefaction, 
or  by  applying  the  vegetable  matter  in  a green  state,  as  by  ploughing  in 
a green  crop.  Where  the  vegetable  matter  is  in  an  inert  insoluble  form, 
it  will  be  of  no  avail  unless  rendered  active  and  soluble,  which  is  effected 
either  by  mixing  it  with  such  kinds  of  animal  matter  as  undergo  quick 
putrefaction,  such,  for  instance,  as  dung,  rotten  fish,  or  decaying  parts 
of  animals ; or,  by  the  operation  of  alkaline  bodies,  such  as  quicklime,  &c. 
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AVhen  newly-burned  lime  is  strewed  over  a soil  containing  inert 
vegetable  matter,  it  acts  upon  it,  and  renders  it  more  or  less  soluble; 
while  the  lime,  by  absorbing  moisture  and  carbonic  acid,  is  slaked,  and 
passes  into  the  state  of  chalk,  which  is  often  a useful  addition  to  the  soil : 
but  when  limestone  contains  magnesia,  it  remains  caustic,  and  sometimes 
proves  injurious. 

The  limits  of  this  volume  prevent  my  enlarging  upon  these  topics, 
which  are  full  of  interest,  and  demand  a separate  work  for  their  illustra- 
tion. Such  a work  Sir  II.  Davy  published  several  years  ago,  but  the 
general  progress  of  the  science,  since  that  time,  has  been  such  as  mate- 
rially to  affect  all  its  collateral  branches;  and  the  views  and  doctrines 
that  were  then  plausible,  now  require  revision  and  modification. 

Having  now  noticed  a few  of  the  leading  facts  connected  with  the 
structure  and  growth  of  plants,  which  bear  upon  their  chemical  physiology, 
I shall  proceed  to  the  methods  of  analysis  applicable  to  the  discovery  of 
their  ultimate  elements,  and  to  the  proportions  in  which  they  are  combined 
in  their  proximate  or  immediate  principles. 

§ II.  Of  the  Composition  and  Analysis  of  Vegetable  Substances, 

AND  OF  THEIR  ULTIMATE  PRINCIPLES. 

Although  the  ultimate  principles  of  vegetable  substances  are  few  in 
number,  yet  by  being  combined  in  various  proportions,  they  give  rise 
to  a series  of  compounds  materially  differing  from  each  other,  and 
which  are  called  their  proximate  components.  It  has  just  been  stated 
that  carbon , hydrogen , and  oxygen , are  the  principal  ultimate  components 
of  vegetables,  and  that  some  afford  nitrogen;  in  some  there  are  traces 
of  sulphur;  and  in  their  sap  or  juices  we  find  small  proportions  of  potassa 
and  of  lime,  and  sometimes  of  soda  and  of  magnesia:  these  bodies  are 
combined  with  acids,  and  are  chiefly  obtained  by  burning  or  incineration. 
It  has  already  been  said,  that  some  plants  contain  silica ; sulphate  of  lime 
is  found  in  clover;  nitrate  of  potassa  in  the  sap  of  the  sun-flower;  and 
nitrate  of  soda  in  barley.  Common  salt,  and  some  other  chlorides,  are 
frequent  ingredients  in  marine  plants ; phosphate  of  lime  is  found  in  oats 
and  some  other  seeds;  and  nearly  all  vegetables  yield  traces  of  oxide  of 
iron,  and  many  of  oxide  of  manganese.  In  Saussure’s  Chemical 
Researches  on  Vegetation , and  in  Thomson’s  Systern  of  Chemistry , are 
copious  tables,  showing  the  earthy  and  saline  constituents  of  vegetables. 

But  the  elements  with  which  we  shall  almost  exclusively  have  to  deal, 
in  our  examination  of  vegetable  products,  are  the  four  first,  and  the 
number,  and  the  varied  characters  of  the  compounds  to  which  they  give 
rise  under  the  influence  of  organization,  is  certainly  most  extraordinary:  of 
this  diversity,  some  of  the  causes  will  become  apparent  as  we  proceed; 
others  have  not  only  repulsed  all  attempts  at  explanation,  but  even  baffle 
our  most  unlimited  conjectures. 

There  is  another  leading  distinction  between  organic  and  inorganic 
compounds,  which  is,  that  in  the  latter  the  elements  are  generally  united 
in  binary  arrangements;  thus,  crystallized  sulphate  of  soda  is  composed  of 
sulphuric  acid,  soda,  and  water,  which  are  binary  compounds  of  sulphur 
and  oxygen , sodium  and  oxygen,  and  hydrogen  and  oxygen : &c. : but 
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organic  products  are  ternary  or  quaternary  combinations,  which  vTe  can 
scarcely  ever  imitate  by  artificial  processes ; and  in  the  formation  of  which 
a greater  number  of  simple  atoms  are  usually  concerned:  sulphuric  acid, 
for  instance,  is  a compound  of  1 atom  of  sulphur  and  3 of  oxygen;  but 
tartaric  acid  consists  of  4 atoms  of  carbon,  2 of  hydrogen,  and  5 of  oxygen ; 
hence,  in  organic  compounds,  the  proximate  atoms  are  heavier,  or  the 
equivalents  larger,  and  the  saturating  powers  less,  than  in  inorganic  com- 
binations: there  are,  however,  some  instances  of  binary  organic  com- 
pounds; caoutchouc,  and  some  oils,  are  composed  only  of  carbon  and 
hydrogen;  but  then  there  is  this  distinction;  that  they  do  not  consist  of 
one  atom  of  the  one  element  united  to  one  or  more  of  the  other,  but 
several  atoms  of  each  element  are  combined;  and  inmost  cases,  no  simple 
relation  between  them  can  be  observed. 

No  peculiarity  of  organic  combination  is  more  remarkable  than  the 
extreme  difference  between  substances  constituted  of  similar  elements; 
sugar,  gum,  &c.,  consist  of  carbon,  hydrogen,  and  oxygen;  but  those  sub- 
stances have  neither  the  characters  of  acids  or  bases;  acetic,  succinic, 
citric,  and  formic  acids  also  consist  of  the  same  elements,  but  in  different 
proportions  or  differently  congregated.  Oxalic  acid  presents  a striking 
peculiarity;  it  is  composed  of  carbon  and  oxygen  only,  and  contains  less 
oxygen  than  carbonic  acid,  and  yet  is  one  of  the  most  powerful  acids ; 
it  is  either  a direct  product  of  organization,  or  obtained  indirectly  from 
other  organized  compounds. 

If,  therefore,  we  endeavour  to  combine  the  elements  of  organic  bodies 
by  artificial  operations,  they  show  a tendency  to  pass  into  binary,  and  not 
into  ternary  or  quaternary  compounds;  and  even  in  the  living  body,  pro- 
ducts that  have  already  been  organized,  appear  essential  to  the  formation 
of  new  ones;  thus,  vegetable  life  is  in  great  measure  supported  by  the 
decay  of  former  vegetables;  and  graminivorous  and  carnivorous  animals 
require  vegetable  and  animal  substances  for  their  sustenance ; for  although 
it  be  true  that  carbon,  hydrogen,  oxygen,  and  nitrogen,  are  the  ultimate 
elements  of  our  food,  we  should  soon  starve  upon  charcoal,  and  water, 
and  nitrogen,  or  upon  any  of  their  compounds  which  had  not  already  gone 
through  the  process  of  organization. 

As,  therefore,  we  cannot  so  combine  the  insulated  inorganic  elements 
as  to  imitate  the  products  of  organization,  we  are  deprived,  in  our  researches 
upon  these  forms  of  matter,  of  the  aid  of  synthetic  proof,  in  the  ordinary 
acceptation,  at  least,  of  that  term ; and  in  determining  the  nature  and 
the  relative  proportions  of  the  elements  of  organic  compounds,  we  are 
limited  to  analytic  operations;  and  even  in  them  (as  we  shall  presently 
find)  numerous  difficulties  occur,  especially  affecting  the  determination  of 
the  integral  atomic  weights  of  the  compounds,  and  the  theory  of  their 
elementary  arrangements. 

The  first  attempts  at  the  analysis  of  vegetable  substances,  consisted  in 
subjecting  them  to  destructive  distillation , and  this  method  was  greatly 
extended  and  improved  by  Hales,  Priestley,  and  the  earlier  pneumatic 
chemists,  who  paid  especial  attention  to  the  gaseous  products  of  such 
operations,  which,  together  with  aqqeous  and  oily  liquids,  and  a residue 
of  carbon,  constitute  the  results  of  the  process ; hence  the  conclusion  of 
the  older  chemists,  that  air,  oil,  water,  and  earth , including  under  that 
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name,  the  carbonaceous  residue  (or  caput  mortuum , as  they  called  it,)  were 
the  universal  elements  of  organic  bodies.  It  is,  however,  evident  that 
most  of  these  are  secondary  results,  that  they  are  products  of  the  opera- 
tion ; and  accordingly  their  composition  and  relative  proportions  are  liable 
to  infinite  variation,  dependent  upon  the  manner  in  which  the  distillation 
has  been  effected.  In  modern  analysis,  therefore,  this  method  is  rejected  ; 
or  at  least  only  adopted  where  some  specific  product  is  to  be  examined, 
or  where  some  general  inference  is  to  be  drawn  from  the  nature  or  pro- 
portions of  the  newly-produced  compounds:  ammonia , for  instance,  denotes 
the  presence  of  nitrogen;  a large  quantity  of  oil  announces  excess  of 
hyd  rogen;  and  of  acid  excess  of  oxygen;  the  uncondensed  gases , and  the 
residuary  carbon  may  also  be  examined. 

The  following  is  the  form  of  apparatus  in  which  these  operations  may 
be  carried  on: 


a is  a luted  glass  or  earthern  retort,  containing  the  substance  to  be 
decomposed,  and  placed  in  a sand-heat  6,  which  is  gradually  raised  to  a 
red-heat.  It  is  connected  by  the  adapter  c with  the  receiver  d , which  is 
kept  cool  for  the  condensation  of  the  liquid  products ; the  gases  pass  into 
the  bell-glass  f standing  over  water  or  mercury,  e is  a tube  of  safety , to 
allow  for  sudden  expansion  or  contraction;  there  being  in  its  lower  part 
a small  quantity  of  mercury  which  is  occasionally  elevated  or  depressed. 
The  joints  are  secured  by  strips  of  bladder. 

If  we  again  refer  to  the  nature  of  the  ultimate  elements  of  organic 
bodies,  it  is  obvious  that  combustion  in  oxygen  will  enable  us  to  deter- 
mine their  relative  proportions.  To  take  the  simplest  instance,  let  us 
suppose  the  subject  of  analysis  to  consist  of  carbon  and  hydrogen  only; 
in  that  case  the  products  of  its  entire  and  perfect  combustion  in  excess  of 
oxygen  would  be  carbonic  acid  and  water:  the  quantity  of  carbonic  acid 
being  determined,  that  of  the  carbon  which  had  formed  it,  might  be 
inferred;  and  this  ascertained,  and  compared  with  the  original  weight  of 
the  substance,  would  give  the  proportion  of  hydrogen : thus,  supposing  7 
grains  of  the  substance  under  examination  yielded,  by  combustion  in 
oxygen,  22  grains  of  carbonic  acid,  it  would  have  consisted  of  6 carbon  + 
1 hydrogen;  for  22  carbonic  acid  (consisting  of  6 carbon  + 16  oxygen), 
are  equivalent  to  6 carbon.  If  the  subject  of  analysis  were  a compound 
of  carbon,  hydrogen,  and  oxygen,  it  might  be  expedient  to  determine  the 
weight  of  the  produced  water , with  a view  of  arriving  at  that  of  the 
hydrogen.  Let  us  suppose  15  grains  of  a compound  of  carbon,  hydrogen, 
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and  oxygen,  to  afford  22  grains  of  carbonic  acid,  and  9 of  water;  then 
we  should  again  have  6 of  carbon,  and  1 of  hydrogen,  (for  9 water  ==  1 
hydrogen  and  8 oxygen)  and  there  would  be  a deficiency  of  8 grains, 
(required  to  make  up  the  original  15)  which  would  be  the  inferred  weight 
of  the  oxygen.  When  nitrogen  is  present,  its  quantitative  determination 
requires  precautions  to  which  I shall  presently  advert.  So  far,  therefore, 
the  mere  theory  of  these  ultimate  analyses  by  combustion,  is  sufficiently 
simple,  but  the  difficulties  of  manipulation  are  numerous  and  considerable ; 
they  relate,  first,  to  the  mode  of  effecting  the  entire  combustion  of  the 
organic  compound,  and  secondly,  to  the  accurate  collection  and  quan- 
titative determination  of  the  products  of  combustion  *. 

Gay  Lussac  and  Thenard  ( llecherches  Physico-Chimiques , tom.  ii.) 
were  the  first  who  endeavoured  to  meet  these  difficulties,  and  to  furnish 
accurate  analyses,  upon  the  principles  just  stated.  The  method  of  effect- 
ing the  combustion  of  an  organic  product  in  oxygen,  which  they  originally 
adopted,  consisted  in  forming  a given  weight  of  it  into  one  or  more 
pellets,  with  a requisite  proportion  of  chlorate  of  potassa , and  then  sub- 
jecting it  to  a red-lieat.  An  account  of  their  process  is  given  in  Thenard’s 
Traite  de  Chimie , with  the  following  arrangement  and  description  of  the 
apparatus.  A hole  is  made  through  a brick,  l,  and  the  glass  tube  a a'  is 

passed  through  it  as 
far  as  to  the  small 
lateral  tube  bb', which, 
passes  into  the  mer- 
curial trough.  The 
lower  extremity  of  the 
tube  rests  upon  the 
grate  g,  where  it  is  to 
be  heated  red-hot  by 
charcoal  inflamed  by 
the  lamp  n.  A brass 
cock  is  fitted,  by 
grinding,  to  the  tube, 
cc'.  It  has  a solid 
plug,  dd',  in  which  is 
a cavity  large  enough  to  contain  one  of  the  balls  to  be  analyzed,  and  which 
is  introduced  at  the  opening  e.  The  plug  is  then  turned  round,  and  the 
ball  falls  into  the  red-hot  part  of  the  tube,  where  it  burns,  the  gases  pass- 
ing into  the  mercurial  apparatus,  ff'  is  a basin,  into  which  ice  may  be 
introduced  to  keep  the  metallic  parts  of  the  apparatus  cool.  It  is  con- 
venient to  case  the  lower  part  of  the  tube  a in  iron,  as  it  is  sometimes 
blown  out  at  that  part  by  the  expansion  within. 

I shall  not  advert  to  the  further  proceedings  with  this  apparatus,  be- 
cause it  is  rarely  used.  The  chlorate  of  potassa  is  objectionable,  because, 
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* I liave  not  space  here  to  go  into  the 
many  details  connected  with  this  diffi- 
cult subject,  which,  indeed,  can  only  be 
learned  in  the  laboratory:  my  object  is 
to  give  the  reader  such  an  outline  of  the 
proceedings  as  may  prevent  the  necessity 
of  recurring  to  them  in  the  individual 


analvses  that  I shall  afterwards  have  to 

* j 

refer  to,  and  may  render  the  data  upon 
which  they  are  founded  intelligible.  The 
fifth  volume  of  Dumas’  Chimie  appliquee 
aux  Arts , may  be  profitably  consulted  for 
more  minute  particulars;  as  also,  the 
authors  to  which  I refer  in  the  text. 
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except  in  particular  cases,  perfect  combustion  cannot  be  ensured  by  it; 
that  is,  the  evolved  gas  is  too  suddenly  generated,  and  is  never  perfectly 
inodorous , and  in  these  anatyses  there  should  not  be  the  smallest  resi- 
duary vestige  of  the  organic  product  appreciable  by  the  empyreumatic 
smell  of  the  produced  carbonic  acid  or  aqueous  vapour. 

To  avoid  these  imperfections  of  this  method,  Gay  Lussac  suggested  the 
employment  of  oxide  of  copper  as  a source  of  oxygen  for  the  combustion, 
and  it  has  the  advantage  of  resisting  decomposition  when  heated  alone, 
whilst  it  readily  yields  oxygen  to  carbon  and  hydrogen,  at  high  tempera- 
tures ; so  that  by  weighing  it  before  and  after  the  analysis,  the  quantity 
of  oxygen  imparted  to  the  combustible  may,  if  requisite,  be  determined. 
The  analysis,  therefore,  as  now  practised,  consists  in  mixing  the  organic 
matter  in  due  proportion  with  oxide  of  copper,  and  so  subjecting  it  to  com- 
bustion, that  the  carbon  may  be  entirely  converted  into  carbonic  acid , and 
the  hydrogen  into  mater.  When  nitrogen  is  present  it  is  collected  in  the 
state  of  gas , and  the  proportion  of  oxygen  is  estimated  by  the  deficiency  in 
the  joint  weights  of  the  carbon,  hydrogen,  and  nitrogen,  as  compared 
with  the  original  weight  of  the  portion  of  the  organic  product  subjected  to 
analysis. 

The  oxide  of  copper  is  best  obtained  by  heating  copper-shavings  to 
redness,  exposed  to  air,  and  then  bruising  them  in  a mortar,  by  which  the 
oxide  is  separated,  and  may  be  sifted  off ; or  the  plates  may  be  successively 
quenched  in  water,  when  the  scales  of  oxide  fall  off,  and  may  be  dried, 
powdered,  and  heated  to  redness.  The  oxide  derived  from  the  ignition 
of  nitrate  of  copper  is  sometimes  preferable,  as  being  finer  and  lighter 
than  the  preceding ; as  these  oxides  are  hygrometric , they  should  be  kept 
in  stopper-phials,  and  used  warm,  with  as  little  exposure  to  air  as  possible. 

The  tubes  used  in  these  analyses  should  be  of  green  glass,  and 
generally  about  three-tenths  of  an  inch  diameter,  and  from  15  to  18 
inches  in  length,  sealed,  and  either  drawn  into  a point,  or  rounded  at  the 
sealed  end : the  open  extremity  should  be  smoothed  by  fusion  so  as  to 
receive  a cork  without  danger  of  cracking ; and  it  is  generally  proper  to 
protect  the  tube,  by  rolling  a strip  of  thick  copper-leaf  spirally  round  it, 
tied  at  each  end  by  a piece  of  wire.  It  may  be  heated  either  by  means 
of  Coopers  lamp-furnace,  (Quart.  Jour.,  xvii.  222,)  or  over  charcoal, 
in  a temporary  arrangement  of  a grate  and  fire-bricks,  (Faraday’s 
Manipul .,)  but  all  these  arrangements  must  be  left  to  the  management 
of  the  operator,  and  require  varying  according  to  circumstances,  only 
care  must  be  taken  that  they  are  such  as  to  enable  us  to  heat  successive 
portions  of  the  tube  at  one  time,  and  at  another,  to  give  its  whole  length 
a red-heat.  (Dumas,  v.)  The  whole  of  this  process  will  essentially  vary 
in  its  details  according  to  the  peculiarities  of  the  product  under  exami- 
nation, which,  if  liquid , requires  also  further  modifications  of  the  appa- 
ratus : for  these  I must  refer  to  the  details  given  by  Dumas,  and  to  a 
paper  upon  the  subject  by  Liebig,  in  the  21st  volume  of  Poggendorff’s 
Annalen.  If  solid , three  or  four  grains  of  it  accurately  weighed,  and 
dried  at  212°  in  vacuo  over  sulphuric  acid,  (see  the  means  of  effecting 
this  described  by  Dr.  Prout  Ann  of  Phil.,  vi.  272,)  are  mixed  with 
about  200  grains  of  the  oxide  of  copper,  and  introduced  into  the  analy- 
zing-tube, into  the  end  of  which  is  previously  placed  about  half  an  inch 
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in  length  of  small  copper-shavings  superficially  oxidized ; these  shavings 
should  also  occupy  about  two  inches  of  the  tube  above , or  as  it  lies 
horizontally,  before  the  organic  mixture,  the  object  being  to  keep  the 
whole  contents  of  the  tube  in  a loose  or  porous  condition,  so  that  the 
gaseous  products  may  escape  from  it  without  impediment.  Perhaps  the 

239  annexed  sketch  may 

render  this  arrange- 
ment more  intelligi- 
ble, in  which  a repre- 
sents the  sealed  end 

containing  oxidized  copper-turnings,  or  fragments  of  the  oxide  ; 6,  the 
intimate  mixture  of  the  oxide  with  the  organic  substance,  and  c,  the 
remaining  portion  of  the  tube  containing  turnings,  or  scales  of  oxide. 
In  this  case,  the  portion  c is  first  heated  to  redness,  and  the  heat  is  then 
gradually  extended  through  b towards  «,  in  such  a manner,  that  all  the 
products  may  have  to  traverse  the  heated  oxide ; for  perfect  and  entire 
destruction  of  the  matter  subjected  to  experiment,  is  the  essential  part 
of  the  process.  Let  us  now  suppose  that  the  organic  substance  under 
examination,  is  a ternary  compound  of  hydrogen,  carbon,  and  oxygen;  it 
is  obvious  that  the  products  will  be  mater  and  carbonic  acid : to  ascertain 
the  weight  of  the  former,  and  thence  the  weight  of  the  hydrogen 
required  to  form  it,  the  products,  as  they  escape  from  may  be  carried 
through  a tube  containing  fragments  of  fused  chloride  of  calcium,  and 
accurately  weighed ; by  this,  the  vapour  of  water  will  be  absorbed,  and 
the  increase  in  the  weight  of  the  tube  and  its  contents,  will  indicate  its 
quantity : every  9 grains  of  increase  are  equivalent  to  1 grain  of  hydro- 
gen. In  the  following  cut  (fig.  240),  d represents  the  end  of  the  decom- 
posing tube,  (fig.  239, 
d 
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to  which  is  annexed 
the  chloride  of  calcium 
tube  e,  from  which  is- 
sues the  smaller  tube  f:  the  junction  at  d is  made  air-tight  by 
perforated  cork.  The  weight  of  the  produced  carbonic  acid  may  be 

learned  in  two  ways ; either 

h _ * 

A 


by  collecting  it  in  its  gas- 
eous state,  and  determining  its 
bulk,  and  thence  deducing  its 
weight  and  that  of  the  carbon 
which  it  contains ; or  by  con- 
densing it  into  a weighed  solu- 
tion of  caustic  potassa,  and 
determining  its  quantity  di- 
rectly, by  the  increase  of  weight 
sustained  by  the  solution.  In 
the  former  case,  the  tube  at  f 
(fig.  241,)  is  connected  by  the 
caoutchouc  joint  g,  with  the 
bent-tube  A,  the  extremity  of 
which  terminates  in  the  in- 
verted graduated  jar  i filled 
with  mercury. 
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In  the  latter  case,  the  carbonic  acid  gas  may  be  conducted  from  the 
extremity  of  the  chloride  of  calcium  tube  f,  into  the  apparatus  repre- 
sented in  the  annexed  cut  (fig.  242),  which  is  a glass  tube  blown  into 
several  thin  bulbular  enlargements,  and  containing  a solution  of  caustic 


potassa.  In  figure,  243,  this  condenser  is  shown  connected  with  the 
chloride  of  calcium  tube  f,  by  short  lengths  of  caoutchouc  piping,  and 
having  another  tube  k , containing  fragments  of  fused  potassa,  attached  in 
the  same  way  to  its  other  extremity.  This  latter  tube  is  only  required 
where  nitrogen  is  to  be  collected,  and  even  then,  as  I shall  presently 
state,  may  be  dispensed  with*. 

It  will  now,  I think,  be  obvious,  that  after  the  abstraction  of  the 
water , in  the  chloride  of  calcium  tube,  the  carbonic  acid  will  pass  on  into 
the  solution  of  caustic  potassa,  through  which,  by  properly  inclining  the 
apparatus,  it  may  be  made  to  pass  in  divided  bubbles,  and  under  some 
pressure,  so  as  to  ensure  its  total  absorption.  When  the  experiment  is 
completed,  the  apparatus  is  allowed  to  cool,  and  in  order  to  prevent  any 
portion  of  the  alkaline  solution  retrograding  into  the  chloride  tube,  the 
tip  of  the  analyzing-tube  near  a,  (fig.  239),  is  broken  off,  and  any 
residuary  carbonic  acid  may  then  be  drawn  into  the  alkaline  solution,  by 
applying  gentle  suction  at  the  end  of  the  tube  k.  (fig.  243.)  The  weight 
of  the  evolved  carbonic  acid  is  determined  by  accurately  weighing  the 
condenser  with  its  alkaline  solution,  before  and  after  the  experiment. 

When  nitrogen  is  a component  of  the  organic  matter  under  exami- 
nation, the  mixture  with  oxide  of  copper  is  made  as  usual,  but  the 
contents  of  the  fore-part  of  the  analyzing-tube,  c,  (fig.  239,)  must  now 
consist  of  a mixture  of  shavings  or  filings  of  metallic  copper  with  the 
oxide,  and  great  care  must  be  taken  slowly  to  conduct  the  evolved  gases 
through  this  mixture,  rather  highly  heated,  in  order  to  effect  the  com- 
plete evolution  of  the  nitrogen,  and  to  decompose  the  various  compounds 
which  that  substance  might  possibly  form  with  the  oxygen,  carbon,  or 
hydrogen.  The  nitrogen  then  escapes  through  the  tube  k,  (containing 
fragments  of  caustic  potassa,  or  of  chloride  of  calcium,  to  deprive  it  of 
humidity,)  and  must  be  collected  over  mercury  by  connecting  the  end  of 
that  tube  with  the  apparatus  g,  h , i,  (fig.  241.)  It  is,  however,  in 
general,  better,  in  cases  where  the  analysis  is  complicated  by  the  presence 

* This  useful  apparatus  is  the  contrivance  of  Justus  Liebig.  ( Pogg . Ann.,  xxi.) 
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of  nitrogen,  to  make  a separate  experiment  for  the  determination  of  its 
quantity : in  that  case,  the  evolved  gases  (carbonic  acid  and  nitrogen,) 
may  be  collected  in  the  mercurial  apparatus,  and  the  carbonic  acid 
abstracted  by  a few  fragments  of  fused  hydrate  of  potassa,  when  the 
nitrogen  will  remain,  and  its  weight  may  then  be  inferred  from  the 
accurate  determination  of  its  bulk. 

My  object  in  the  preceding  details,  has  been  to  render  the  principles 
of  the  ultimate  analysis  of  organic  products  intelligible  to  the  student ; 
the  manipulations,  in  all  their  details,  scarcely  admit  of  useful  description, 
and  can  only  be  learned  by  practice ; and  the  beginner  will,  I think,  do 
well,  to  make  each  element  the  object  of  a separate  experiment;  I mean, 
to  employ  one  portion  of  the  matter  under  examination  for  the  deter- 
mination of  the  quantity  of  water  formed,  or  of  the  elementary  hydro- 
gen ; another  for  the  determination  of  the  quantity  of  carbonic  acid 
formed,  or  of  the  elementary  carbon;  and  another  for  the  nitrogen. 
The  most  experienced  and  dexterous  chemist  will  also  require  repetitions 
of  his  analyses;  and  in  undertaking  these,  he  will  do  well  to  follow  the 
recommendation  of  Dumas,  who  advises  that  these  experiments  should 
be  made  upon  each  substance  in  increasing  quantities ; one,  for  instance, 
upon  two , one  upon  four , and  one  upon  six  grains ; or  in  some  such  pro- 
portions. 

I shall  conclude  these  observations  upon  the  ultimate  analysis  of 
organic  products,  with  the  following  abstract  from  Dr.  Front’s  paper  upon 
this  subject,  (Phil.  Trans .,  1827,)  which  will  elucidate  some  of  the 
points  that  may  appear  obscure  in  the  preceding  paragraphs,  and  further 
explain  some  manipulatory  details.  Dr.  Front’s  object  was,  effectually  to 
burn  the  organic  substance  in  oxygen  gas ; in  which  case,  supposing  it 
to  contain  three  elements,  hydrogen,  carbon,  and  oxygen,  one  of  three 
things  happens.  1.  The  original  bulk  of  the  oxygen  gas  remains  the 
same,  in  which  case  the  hydrogen  and  oxygen  in  the  substance  exist  in  it 
in  the  same  proportions  in  which  they  exist  in  water : or,  2.  The  original 
bulk  of  the  oxygen  is  increased , in  which  case  the  oxygen  exists  in  the 
substance  in  a greater  proportion  than  it  exists  in  water ; or,  3.  The 
original  bulk  of  the  oxygen  is  diminished , in  which  case  the  hydrogen 
predominates. 

Hence,  in  the  first  of  these  cases,  the  composition  of  a substance  may 
be  determined  by  ascertaining  the  quantity  of  carbonic  acid  gas  yielded 
by  a known  quantity  of  it ; while  in  the  other  two,  the  same  can  be 
readily  ascertained  by  the  same  data,  and  by  noting  the  excess  or  diminu- 
tion of  the  original  bulk  of  the  oxygen. 

Fig.  244,  represents  a front  view  of  Dr.  Prout’s  apparatus,  for  the 
determination  of  these  points,  ab  is  a platform,  two  feet  square,  sur- 
rounded by  a ledge  for  preserving  any  mercury  that  may  fall  about,  and 
furnished  with  four  adjusting  screws  (of  two  of  which,  cc,  are  sectional 
views.)  Into  this  platform  are  fixed  perpendicularly  four  pillars,  de, 
de,  about  four  feet  and  a half  high,  supporting  another  small  platform, 
ff,  about  four  inches  wide,  and  which  may  be  fixed  or  removed  at  pleasure 
by  the  brass  pins,  ab,  ab.  n are  glass  tubes,  graduated  to  hundredths 
of  a cubic  inch,  and  cemented  at  bottom  into  semicircular  iron  tubes 
enclosed  in  the  blocks  kk  (as  represented  by  the  dotted  lines.)  These 
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iron  tubes  project  a little  below  tbe  wood  at  the  lower  part,  where  they 
are  furnished  with  iron  stop-cocks,  ss,  for  drawing  off  the  mercury  when 
it  may  be  necessary.  Into 


the  other  end  of  these 
semicircular  tubes  are  like- 
wise cemented  the  glass 
tubes,  ll  (of  smaller  di- 
mensions, and  a little 
longer  than  the  tubes  n), 
and  forming  with  them, 
when  taken  together,  in- 
verted siphons.  The 
smaller  tubes,  ll,  are  sur- 
mounted by  funnels,  rr, 
furnished  with  stop-cocks, 
the  object  of  which  is  to 
permit  the  mercury  to  flow 
into  them  with  any  velo- 
city that  may  be  required. 
On  the  tops  of  the  larger 
tubes,  ii,  are  cemented  the 
vertical  stop-cocks,  mm,  of 
which  fig.  245  is  a sectional 
view  on  a larger  scale,  and 
which  renders  the  construc- 
tion so  obvious,  that  per- 
haps no  further  remark  is 
necessary,  than  merely 
stating  that  the  cup  a is 
filled  with  oil,  and  that  the 
plug,  5,  which  is  square  at 
the  upper  part,  and  adapted 
to  a key,  is  furnished  with 
a shoulder,  on  which  the 
screw-cap,  c,  rests,  and  by 
means  of  which  it  may  be 
tightened  at  pleasure*. 

On  the  platform,  ff, 
(fig.  244,)  is  a thin  piece 
of  wood,  n,  capable  of 
being  raised  or  depressed 
by  the  screws,  oo;  on  this 
the  lamp,  q,  is  placed,  at 
any  distance  that  may  be 
required  from  the  tube  p. 


Fig.  246  is  an  enlarged  view 


* The  syphons  are  fixed  together  in- 
dependently of  the  general  frame-work, 


Tins  admits  of  their  being  replaced  by 
_ , others  of  different  sizes.  Those  of  a 

and  may  be  removed  at  pleasure  by  larger  size  have  balls  near  the  top,  as 
taking  out  the  pins  cd,  cd>  and  ef,  ef.  \ represented  by  the  dotted  lines,  and  may 
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of  this  lamp;  it  consists  of  two  reservoirs,  de , for  holding  the  spirit,  con- 
nected together  by  means  of  the  tube,  into  which  are  placed,  at  the 
distance  from  one  another  of  about  ^ of  an  inch,  a number  of  vertical 
burners,  gg , about  one-twelfth  of  an  inch  in  diameter,  and  § of  an  inch 
long,  and  made  as  thin  as  possible,  with  the  view  of  preventing  the 
conduction  of  the  heat.  These  burners  are  each  furnished  with  a 
few  threads  of  cotton,  and  are  bent  a little  alternately  like  the  teeth 
of  a saw,  in  order  that  their  flame  may  envelop  the  tube  p,  (fig.  244,) 


more  completely:  h is  a cover  for 
use.  The  tube  p,  (fig.  244)  is 
stout,  and  about  one-fifth  of  an 


the  wick  of  the  lamp  when  not  in 
of  green  or  bottle  glass,  moderately 
inch  internal  diameter.  It  is  fixed 
between  the  horizontal  parts  of  the 
vertical  cocks,  mm,  so  as  to  be  per- 
fectly air-tight ; and  when  required, 
the  whole,  or  any  part  of  it,  may 
be  heated  by  means  of  the  lamp,  q, 
at  the  pleasure  of  the  operator. 

When  the  apparatus  is  to  be  em- 
ployed, both  the  siphon-gasometers, 
il,  il,  are  to  be  filled  with  quick- 
silver, and  a small  green-glass  retort, 
containing  the  requisite  quantity  of 
chlorate  of  potassa  (previously  heated 
so  as  to  expel  the  common  air,  and 
fill  it  with  oxygen)  is  to  be  attached 
to  one  of  the  cocks,  as  represented 
in  fig.  247,  by  means  of  a caoutchouc 
tube.  Heat  is  then  to  be  applied, 
and  any  quantity  of  oxygen  gas  that 
may  be  required,  introduced  into  the 
tube  i.  After  the  whole  has  ac- 
quired the  temperature  of  the  atmo- 
sphere, the  exact  quantity  of  the  gas 


contain  as  much  as  20  cubic  inches  of 
gas.  It  much  facilitates  the  process  of 
determining  the  exact  quantity  of  gas 
contained  in  the  apparatus,  to  have  both 


legs  of  the  siphon  graduated,  which  may 
be  easily  done  so  as  to  obviate  the  effects 
of  capillary  attraction  when  the  tubes 
are  not  both  of  the  same  calibre. 
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is  to  be  accurately  noticed,  as  well  as  the  state  of  the  barometer  and 
thermometer  at  the  time.  The  tube  p,  containing  the  substance  to  be 
analyzed,  is  then  to  be  firmly  fixed  between  the  cocks  mm*  and  sub- 
jected to  heat,  during  which  the  oxygen  gas  is  to  be  transferred  from  one 
siphon  to  another,  through  the  red-hot  tube,  with  any  velocity  that  may 
be  required,  and  which  may  be  regulated  by  means  of  one  of  the  stop- 
cocks of  the  funnels,  rr,  and  the  stop-cock,  s,  of  the  opposite  siphon. 

Such  is  a general  view  of  the  apparatus,  and  the  principles  of  its  opera- 
tion ; but  perhaps  a few  practical  remarks  on  some  of  the  circumstances  to 
be  attended  to  during  its  employment,  may  not  be  deemed  superfluous. 

The  substance  to  be  analyzed  may  be  placed  in  a small  tray  of  platinum- 
foil,  and  introduced  alone  into  the  tube  p,  and  gradually  submitted  to  the 
action  of  heat  and  oxygen  gas ; but 
this  does  not  answer  wTell  with  organic 
compounds,  as  a portion  of  them  is 
apt  to  escape  combustion  Another 
method  is,  to  mix  the  substance  with 
pure  siliceous  sand,  and  to  retain 
the  mixture  in  the  centre  of  the 
tube  by  means  of  asbestos.  But  this 
method  often  fails,  except  there  be 
about  an  inch  of  the  oxide  of  copper 
at  each  end  of  the  tube,  which  must 
be  kept  red-hot  during  the  experi- 
ment, and  in  this  case  it  succeeds 
completely  with  many  substances. 

Another  method,  and  that  which  the 
most  generally  succeeds,  is  to  mix 
the  substance  with  oxide  of  copper, 
to  heat  these  together  in  the  tube, 
in  the  first  place,  and  afterwards  to 
open  the  other  stop-cock  and  send 
the  oxygen  gas  through  the  ignited 
and  partially  reduced  oxide,  by 
means  of  which  it  again  becomes 
peroxidized ; and  any  portion  of  the 
substance  that  had  escaped  complete 
combustion  in  the  first  part  of  the 
experiment,  is  now  completely  burnt. 

This  last  method  is  also  that  em- 
ployed when  it  is  required  to  determine  the  quantity  of  carbonic  acid 
gas  yielded  by  a given  quantity  of  any  substance;  only  in  this  case,  of 
course,  oxygen  gas  is  not  required,  and  the  contents  of  the  tube  p,  must 
be  taken  out  and  well  triturated,  and  subjected  to  heat  a second  time.  If 
it  should  be  required  to  analyze  the  gas  formed,  one  method  of  removing 


* I have  tried  various  modes  of  con- 
necting the  tube  so  as  to  ensure  its  being 
air-tight.  Caoutchouc  answers  very 
well ; but  the  best  substance  are  slips  of 
thin  moistened  hogs’  bladder,  tied  on 


very  tightly  with  fine  dry  twine.  The 
twine  is  then  to  be  moistened  also,  and 
the  whole  kept  in  this  state  till  the  end 
of  the  experiment. 
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it  from  the  tube,  i,  is  represented  at  fig.  248;  and  others  will  readily 
occur  to  the  practical  chemist. 

The  following  are  some  of  the  advantages  of  this  apparatus,  and  mode 
of  analyzing  organic  compounds.  In  the  first  and  chief  place,1 there  is  nothing 
to  he  apprehended  from  moisture.  Whether  the  substance  to  be  analyzed 
be  naturally  a hydrate,  or  in  whatever  state  it  may  be  with  respect  to  water, 
the  results  will  not  be  affected ; and  the  great  problem,  whether  the  hydrogen 
and  oxygen  exist  in  the  substance  in  the  proportions  in  which  they  form 
water,  or  whether  the  hydrogen  or  oxygen  predominates,  will  be  equally 
satisfactorily  solved,  and  that  (of  course  within  certain  limits),  indepen- 
dently of  the  weight  of  the  substance  operated  on*.  When,  however,  it 
is  the  object  to  ascertain  the  quantities  of  carbonic  acid  gas  and  water 
yielded  by  a substance,  it  is,  of  course,  neeessary  to  operate  on  a known 
weight ; but  this  being  once  determined,  there  is  no  fear,  as  in  the 
common  methods,  of  exposing  the  substance  to  the  atmosphere  as  long  as 
may  be  necessary.  The  hygrometric  properties  of  the  oxide  of  copper,  as 
well  as  its  property  of  condensing  air,  are  also  completely  neutralized,  for 
the  whole,  at  the  end  of  the  experiment,  being  left  precisely  in  the  same 
state  as  it  was  at  the  commencement,  the  same  condensation  of  course 
must  take  place,  and  any  little  differences  that  may  exist  are  rendered 
quite  unimportant  from  the  bulk  of  oxygen  gas  operated  on,  which  of 
course  should,  in  all  instances,  be  considerably  greater  than  that  of  the 
carbonic  acid  gas  formed.  Another  advantage  of  this  method  is,  that 
perfect  combustion  is  ensured  by  it.  There  is  also  no  trouble  of  collecting 
or  estimating  the  quantity  of  water,  a part  of  the  common  process  attended 
with  much  trouble,  and  liable  to  innumerable  accidental  errors,  besides 
those  already  mentioned,  and  which  there  is  no  method  of  obviating  or 
appreciating ; here,  on  the  contrary,  the  results  are  obtained  in  an  obvious 
and  permanent  form,  and,  from  the  ease  with  which  they  are  thus  verified, 
comparatively  very  little  subject  to  error. 

The  form  and  principles  of  this  apparatus  render  it  well  adapted  for 
many  other  chemical  operations  besides  the  analysis  of  organized  sub- 
stances. Such,  for  example,  as  the  reduction  of  oxides  by  hydrogen,  and 
a variety  of  others  that  will  readily  occur  to  the  practical  chemist. 


In  the  course  of  the  following  pages,  many  instances  will  occur  of 
the  different  modes  of  expressing  the  ultimate  composition  of  organic 
bodies,  depending,  as  the  following  examples  will  show,  upon  the  parti- 
cular view  which  may  be  taken  of  the  secondary  combinations  of  the 
elementary  principles. 

It  is  customary  with  many  chemists  to  represent  the  oxygen  and 
hydrogen  in  certain  vegetable  substances,  by  the  term  water , and  hence, 
where  these  elements  are  in  the  ratio  to  each  other  of  8 and  1,  and  in 
union  with  carbon  only,  the  expression  hydrate  of  carbon , is  sometimes 
applied  to  the  compound.  In  the  following  table,  which  contains  the 
results  of  the  ultimate  analyses  of  several  organic  compounds,  by  Gay 
Lussac  and  Thenard,  the  meaning  of  this  expression  will  be  evident,  and 


* It  is  to  be  observed  that,  throughout 
the  experiments,  great  care  is  taken  that 
the  gases  are  saturated  with  moisture ; 


the  errors  from  this  cause  are  thus  ren- 
dered definite,  and  are  easily  corrected 
by  tables  calculated  for  the  purpose. 
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also  of  the  terms,  excess  of  hydrogen,  and  excess  of  oxygen,  as  applied 
to  such  ternary  compounds,  in  which,  as  will  be  observed,  nitrogen  is 
not  present. 


SUBSTANCES 

ANALYZED. 

Carbon. 

Oxygen. 

Hydrogen. 

Or  supposing  the  Oxygen  and 
Hydrogen  to  be  in  the  state  of 
Water. 

Carbon. 

W ater. 

Excess  of 
Oxygen. 

Sugar  .... 

42.47 

50.63 

6.90 

42.47 

57.53 

0 

Gum  Arabic  . 

42.2.3 

50.84 

6.93 

42.23 

57.77 

0 

Starch  .... 

43.55 

49.68 

6.77 

43.55 

56.45 

0 

Sugar  of  milk . 

38.825 

53.834 

7.341 

38.825 

61.175 

0 

Lignin  of  Oak  . 

52.53 

41.73 

5.69 

52.53 

47.47 

0 

„ of  Beech  . 

51.45 

42.73 

5.82 

51.45 

48.55 

0 

Mucous  acid  . . 

33.69 

62.67 

3.62 

36.69 

30.16 

36.15 

Oxalic  acid 

26.57 

70.69 

2.74 

33.57 

22.87 

50.56 

Tartaric  acid  . 

24.05 

69.32 

6.63 

24.05 

55.24 

20.71 

Citric  acid . 

33.81 

59.86 

6.33 

33.81 

52.75 

13.44 

Acetic  acid  . 

50.22 

44.15 

5.63 

50.22 

46.91 

2.87 

Hydrogen 
in  excess. 

Resin  (of  turpent.) 

75.94 

13.34 

10.72 

75.94 

15.16 

8.90 

Copal  .... 

76.81 

10.61 

12.58 

76.81 

12.05 

11.14 

Wax 

81.79 

5.54 

12.67 

81.79 

6.30 

11*91 

Olive  oil 

77.21 

9.43 

13.36 

77.21 

10.71 

12.08 

They  consider  it  demonstrated,  in  reference  to  these  experiments, 
1st.  That  a vegetable  substance  is  acid , when  the  oxygen  which  it  con- 
tains is,  to  the  hydrogen,  in  a proportion  greater  than  is  necessary  to  form 
water ; or  where  there  is  excess  of  oxygen.  2nd.  That  a vegetable  sub- 
stance is  resinous , oily,  or  alcoholic , where  the  oxygen  is  to  the  hydrogen 
in  a less  proportion  than  in  water;  or  where  there  is  excess  of  hydrogen  ; 
and,  3rd.  That  a vegetable  substance  is  neither  acid  nor  resinous,  but 
saccharine,  mucilaginous,  &c.,  where  the  oxygen  and  hydrogen  are  in  the 
same  relative  proportion  as  in  water,  or  where  there  is  no  excess  of  either. 

To  the  correctness  of  these  results,  there  are,  however,  exceptions, 
some  of  which  have  been  pointed  out  by  Saussure  (Thomson  s Annals , 
vol.  vi.),  and  by  Daniell  ( Journal  of  Science  and  Arts , vi.,  326);  but  we 
shall  have  again  to  refer  to  other  analyses  of  the  above  important  pro- 
ducts. The  vegetable  principles,  also,  which  include  nitrogen,  and  among 
which  are  the  vegeto-alkaloids , are  not  contained  in  the  above  table,  so 
that,  admitting  the  general  principle  of  classification , it  may  be  modified 
as  follows,  in  reference  to  vegetable  proximate  principles  : — 

1.  Triple  compounds  of  carbon,  hydrogen,  and  oxygen,  in  which  the 
hydrogen  and  oxygen  bear  to  each  other  the  same  relative  proportion  as 
in  water,  and  which  therefore  are  represented  by  {COLT  + ^.) 

2.  Similar  triple  compounds,  in  which  there  is  excess  of  hydrogen  : 
or  (car+q+h.) 

3.  Similar  triple  compounds,  in  which  there  is  excess  of  oxygen ; or 

{car +9+0.) 

4.  Quadruple  compounds  of  the  above  elements,  with  the  addition  of 
nitrogen,  and  represented  by  ( Car  + fl  + 0 + 71.) 
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5.  There  are  also  some  important  organic  products  belonging  to  the 
class  of  hydrocarbons , which  will  require  much  of  our  attention,  and 
some  of  which,  together  with  their  general  distinctive  characters,  have 
been  already  adverted  to  in  the  Section  on  Carbon.  Although,  there- 
fore, it  will  be  necessary  often  to  digress  from  the  arrangement  of  the 
vegetable  proximate  principles  suggested  by  the  above  considerations, 
it  may  be  resorted  to  as  furnishing  a general  standard  of  reference. 

But,  the  mere  determination,  of  the  relative  proportions  of  the 
ultimate  elements  of  these  proximate  principles,  is  not  the  only  difficulty 
which  this  branch  of  the  science  presents : they  must  be  viewed  in 
reference  to  the  Atomic  Theory,  in  such  a way,  as  to  ascertain  what 
number  of  elementary  atoms  are  probably  contained  in  what  may  be 
termed  the  proximate  atom.  Let  us,  for  instance,  suppose  the  case  of 
tartaric  acid:  it  contains  per  cent.  36  carbon,  3 hydrogen,  61  oxygen, 
and  is  therefore  represented  in  general  terms  by  {COLT  + (J  + 0),  but  how 
can  its  ultimate  atomic  composition  be  made  to  tally  with  its  proximate 
equivalent  ? The  proximate  equivalent  of  anhydrous  tartaric  acid, 
deduced  from  the  weight  of  it  which  saturates  salifiable  bases,  is  66 ; if 
now,  in  reference  to  this  equivalent,  we  consider  it  as  constituted  of  4 
atoms  of  carbon,  2 of  hydrogen,  and  5 of  oxygen,  we  shall  obtain 
numbers  closely  corresponding  with  the  experimental  results ; and  which, 
therefore,  we  may  presume  to  be  the  correct  composition  of  its  proxi- 
mate atom.  Again,  in  reference  to  citric  acid : analysis  gives  us  its 
component  parts  per  cent.,  as  41.38  carbon,  3.45  hydrogen,  55.17 
oxygen,  and  these  relative  proportions  may  be  atomically  represented  by 
2 atoms  of  carbon,  1 of  hydrogen,  and  2 of  oxygen,  which  give  the 
proximate  equivalent  29.  But  then,  one  atom  of  any  salifiable  base, 
oxide  of  lead  for  instance,  is  neutralized,  not  by  29,  but  by  58  of  citric 
acid ; we  therefore  assume  its  elementary  composition  to  be  4 carbon,  2 
hydrogen,  and  4 oxygen,  = 58,  which  number  coincides  with  its  prox- 
imate equivalent,  or  combining  proportion. 

There  is  another  very  important  but  difficult  consideration,  arising 
out  of  these  views  of  the  ultimate  composition  of  the  organic  proximate 
principles,  which  relates  to  the  different  views  which  may  be  taken  of 
the  manner  in  which  the  ultimate  elements  are  arranged,  or  of  the 
state  in  which  they  exist,  in  the  original  substance,  before  its  decom- 
position. These  views  materially  affect  the  perspicuity  of  our  arrange- 
ments, as  the  following  instance  will  serve  to  show.  Ether  and  alcohol 
are,  like  the  acids  just  alluded  to,  compounds  of  carbon,  hydrogen,  and 
oxygen,  but  only  in  different  proportions : ether  is  constituted  per  cent. 
of  64.87  carbon,  13.51  hydrogen,  21.62  oxygen.  Alcohol  consists  of 
52.18  carbon,  13.04  hydrogen,  34.78  oxygen;  now  the  relative  bearings 
of  these  numbers  are  such,  as  admit  of  ether  being  regarded  as  a com- 
pound of  4 atoms  of  carbon,  5 of  hydrogen,  and  1 of  oxygen;  and 
alcohol  of  2 atoms  of  carbon,  3 of  hydrogen,  and  1 of  oxygen.  But 
here,  the  carbon  and  hydrogen,  and  the  oxygen  and  hydrogen,  are  to  each 
other  in  such  proportions  as  to  admit  of  our  considering  ether  as  a 
compound  of  2 atoms  of  bihydrocarbon  (or  olefiant  gas),  and  one  atom  of 
water  ; and  alcohol  as  a compound  of  1 atom  of  bihydrocarbon  gas,  and 
1 of  water  ; hence  we  have 
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Ether  = 2 (2  h -f  2 CCLT)  -f-  (J  — dihydrate  of  bihydrocarbon. 

Alcohol  = (2  h + 2 CCLT)  + <7  = hydrate  of  bihydrocarbon. 

But  there  is  another  way  of  viewing  the  composition  of  these  bodies, 
which  consists  in  regarding  quadrihydrocarbon , and  not  bihydrocarbon, 
as  the  form  of  hydrocarbon  present  in  them,  and  then  ether  would  be  a 
compound  of  1 atom  of  quadrihydrocarbon  and  1 of  water ; and  alcohol , 
a compound  of  1 atom  of  quadrihydrocarbon  and  2 of  water.  Or, 

Ether  = (4  h + 4 CCLT')  + C[  — hydrate  of  quadrihydrocarbon. 

Alcohol  — (4  h-\-  4 CCLT)  + 2(J  = bihydrate  of  quadrihydrocarbon. 

A third  view  of  the  atomic  nature  of  alcohol  and  ether  is  this ; a 
hydrocarbon  distinct  from  any  of  those  already  described,  (see  pp.  480, 
et  seq.,)  and  composed  of  5 atoms  of  hydrogen  + 4 of  carbon,  (the 
Ethule  of  Berzelius,)  is  the  basis  of  ether  and  of  alcohol : ether  is  an 
oxide  of  such  hydrocarbon,  and  alcohol  a hydrated  oxide.  Or, 

Ether  — (5  h + 4 CCLT)  + 0 z=z  oxide  of  ethule. 

Alcohol  =z  {y  h-\-  4 CCLT  + 0)  + (J  — hydrate  of  ether. 

I might  go  on  to  show  other  theoretic  views  which  may  be  taken  of 
the  atomic  constitution  of  ether  and  alcohol,  and  also  to  apply  the  same 
mode  of  reasoning  to  the  probable  proximate  arrangements  of  the 
ultimate  elements  in  a variety  of  other  organic  compounds ; I have 
selected  the  above,  as  sufficient  to  point  the  student’s  attention  to  the 
importance  of  the  subject,  and  as  instances  to  which  I shall  afterwards 
have  occasion  to  refer : the  present  state  of  organic  chemistry  does  not 
admit  of  many  such  generalizatioi  s ; such  as  may  be  safely  adopted,  I 
shall  afterwards  detail ; many  are  too  hypothetical  to  come  within  our 
limits ; but  the  whole  subject  is  of  extreme  interest,  as  promising  to 
simplify  the  apparent  confusion  and  complexity  that  prevail  in  reference 
to  the  relative  proportions  of  the  ultimate  elements  of  organic  products, 
and  to  enable  us  to  group,  or  combine  them  under  secondary  forms,  in 
many  instances  analogous  to  the  binary  arrangements  of  inorganic 
nature ; and  to  apply  to  them  an  equally  perspicuous  nomenclature. 

It  is  obvious,  that  by  adopting  any  of  the  above  definitions  of  ether 
and  of  alcohol,  we  acquire  considerable  facility  in  discussing  their  com- 
binations, and  mutual  conversion  into  each  other,  and  that  the  terms 
hydrate  and  binliydrate  of  quadrihydrocarbon , imply  much  more  than 
the  mere  per  centage  statements  of  the  elements : to  illustrate  this  by  a 
parallel  case  from  inorganic  chemistry ; suppose  a compound  the 
ultimate  elements  of  which  are  stated  to  be,  per  cent.,  15.35  carbon, 
41.05  oxygen,  7-75  hydrogen,  35.85  nitrogen;  this  statement  will  be 
found  compatible  with,  1 atom  of  carbon,  2 of  oxygen,  3 of  hydrogen, 
and  1 of  nitrogen ; but  how  much  is  this  statement  simplified,  and  how 
different  its  meaning,  by  so  grouping  the  carbon  and  the  oxygen  as 
to  represent  carbonic  acid , and  the  nitrogen  and  hydrogen  to  represent 
ammonia  ; the  whole  producing  carbonate  of  ammonia , or, 


Carbon  . 1 

Oxygen  . 2 

Hydrogen  3 
Nitrogen  . 1 


6 . . 15.35 

16  . . 41.05 
3 . . 7.75 

14  . . 35.85 


} 

} 


Carbonic  acid 
Ammonia . . 


. 1 . . 22  . . 56.4 

. 1 . . 17  . . 43.6 
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I shall  have  to  adduce  many  similar  instances  derived  from  organic 
analyses,  amply  supported  by  experiment  and  analogy;  and,  as  already 
remarked,  importantly  elucidating  and  simplifying  these  complicated 
researches. 

I now  proceed  to  an  enumeration  of  the  principal  proximate  elements , 
or  immediate  principles , of  the  vegetable  kingdom ; to  the  methods  of 
separating  them  from  each  other,  and  of  obtaining  them  in  their  insulated 
states ; to  an  examination  of  their  properties  and  uses ; and  to  such 
views  of  their  ultimate  constitution  as  are  founded  upon  researches 
carried  on  in  reference  to  the  preceding  details.  I cannot  adhere  strictly 
to  the  systematic  arrangement  above  proposed,  but  it  will  constitute  the 
foundation  of  the  order  in  which  they  are  enumerated.  The  immediately 
ensuing  sections,  therefore,  of  this  chapter,  will  relate  to  those  proximate 
principles  in  which  the  ultimate  elements  are  so  combined  as  to  constitute 
hydrates  of  carbon , and  I first  select  those  which  are  of  most  common 
and  general  occurrence;  I shall  refer,  as  we  proceed,  to  certain  of  their 
varieties  or  species,  which  belong  to  distinct  genera  of  plants. 

§ III.  Gum,  Mucilage,  and  their  Varieties.  Pectin  and  Pectic 
Acid.  Mucic  Acid  and  Pyromucic  Acid. 

Under  the  term  gum  are  included  several  modifications  of  a distinct 
proximate  principle  of  vegetables,  which  are  of  extremely  common  and 
almost  universal  occurrence.  To  some  of  these  the  term  mucilage  is 
occasionally  applied;  and  all  the  varieties  may  be  referred  to  one  or 
other  of  these  species,  gum-arabic  furnishing  a characteristic  specimen 
of  gum,  and  gum-tragacanth  of  mucilage;  the  former  the  produce  of 
the  Acacia  vera;  the  latter  of  the  Astragalus  tragacantha. 

Gum  occurs  in  the  form  of  an  exudation  upon  the  bark  of  trees,  and 
collects  into  drops  which  gradually  harden  by  exposure,  and  of  which 
gum  arabic  furnishes  a very  perfect  example:  it  may  also  be  discovered, 
more  or  less  abundantly,  in  the  sap  and  juices  of  almost  all  plants  and 
fruits,  where  it  is  recognised  by  the  properties  we  are  about  to  describe. 

Gum  Arabic  occurs  in  rounded  pieces,  or  tears , of  various  sizes;  and 
when  pure  is  brittle,  transparent,  colourless,  tasteless,  inodorous,  and  of 
a specific  gravity  varying  between  1 .30  and  1 .50.  It  does  not  crystallize, 
but  when  its  aqueous  solution  is  slowly  evaporated,  it  remains  in  a 
hydrated  state,  and,  though  apparently  dry,  retains  about  17  per  cent,  of 
water,  which  is  given  off  by  desiccation  in  vacuo  over  sulphuric  acid  at 
212°.  Heated  above  212°  it  becomes  yellowish,  and  slightly  sour;  and 
when  subjected  to  destructive  distillation,  yields  acid  water,  empyreumatic 
oil,  carbonic  acid,  and  carburetted  hydrogen,  and  leaves  a spongy  residue 
of  charcoal. 

Gum  is  slowly  soluble  in  cold  water,  and  more  rapidly  in  boiling 
water,  yielding  a mucilaginous  solution,  which  is  more  or  less  viscid  and 
clammy  according  to  the  proportion  of  gum  held  in  solution.  This  solu- 
tion is  sometimes  used  as  a glaze  or  varnish,  and  to  give  a gloss  and 
stiffness  to  ribands,  calico,  &c.  When  substances,  in  a state  of  minute 
mechanical  division,  are  suspended  in  it,  it  prevents  their  subsidence; 
hence  its  employment  as  an  ingredient  of  writing-ink,  and  of  some  paints. 


GUM MUCILAGE. 


895 


It  is  quite  insoluble  in  absolute  alcohol  and  in  ether;  hence  alcohol 
occasions  a white  precipitate  of  hydrated  gum,  when  added  to  its  aqueous 
solution. 

When  powdered  gum-arabic  is  triturated  into  a paste  with  sulphuric 
acid , the  mixture  gradually  becomes  brown,  and  if,  after  it  has  stood  for 
24  hours,  it  is  diluted  with  water  and  saturated  by  chalk,  so  as  to  abstract 
the  acid,  the  gum  retained  in  solution  is  somewhat  modified,  and 
resembles  that  which  we  shall  afterwards  describe  as  produced  by  the 
action  of  sulphuric  acid  upon  lignin.  Heated  with  sulphuric  acid,  gum 
is  decomposed,  sulphurous  acid,  and  traces  of  acetic  acid,  and  of  artificial 
tannin  are  formed,  and  about  30  per  cent,  of  carbon  deposited  upon  the 
addition  of  water.  Boiled  with  very  dilute  sulphuric  acid,  it  is  partially 
converted  into  sugar.  Nitric  acid  decomposes  gum,  and,  when  aided  by 
heat,  nitric  oxide  is  evolved,  and  from  14  to  26  per  cent,  of  mucic  acid 
deposited  on  cooling.  Longer  digestion  produces  malic  and  oxalic  acid. 
It  would  appear,  from  Vauquelin’s  experiments,  that  when  chlorine  is 
passed  through  a solution  of  gum,  a portion  of  citric  acid  is  generated, 
but  this  requires  verification.  Powdered  gum  absorbs  chlorine,  and 
becomes  brown  and  soft;  it  also  absorbs  muriatic  acid,  becoming  brown, 
viscid,  and  evolving  the  gas  when  acted  on  by  sulphuric  acid.  Iodine  is 
apparently  without  action  upon  gum. 

The  action  of  salifiable  bases , and  of  salts , upon  gum,  has  been  inquired 
into  by  Berzelius,  PfafF,  Bostock,  Thomson,  and  several  other  chemists. 
According  to  Berzelius,  a concentrated  solution  of  gum  is  first  coagulated 
by  caustic  potassa,  and  then  gradually  liquefies,  and  alcohol  throws  down 
from  the  solution  a compound  of  gum  and  potassa  in  the  form  of  a curdy 
precipitate,  which,  when  dried,  is  brittle  and  soluble  in  water:  similar 
combinations  may  be  made  with  the  other  alkalis  and  alkaline  earths. 
When  a solution  of  gum  is  digested  with  finely-powdered  oxide  of  lead, 
or  with  the  recently-precipitated  hydrated  oxide,  a definite  compound  of 
gum  and  oxide  of  lead  is  formed:  the  same  compound  is  obtained  by 
adding  subnitrate  or  subacetate  of  lead  to  a solution  of  gum,  or  by  adding 
ammonia,  not  in  excess,  to  a mixed  solution  of  gum  and  nitrate  of  lead; 
it  is  white  and  insoluble,  and  when  carefully  dried  consists  of  61.75  gum, 
and  38.25  oxide  of  lead.  A solution  of  gum-arabic  is  precipitated  by 
silicate  of  potassa;  it  is  coagulated  by  a solution  of  borax,  and  the 
coagulum  is  soluble  in  free  acid:  in  this  respect  gum  resembles  starch, 
but  differs  from  mucilage.  When  persulphate  of  iron  *is  dropped  into 
solution  of  gum-arabic,  a yellow  gelatinous  precipitate  falls,  soluble  in 
free  acid  and  in  caustic  potassa,  but  only  partially  soluble  in  boiling  water. 
One  part  of  gum  in  1000  of  water  gives  a yellow  precipitate  after  24 
hours.  This  action  upon  persalts  of  iron  is  peculiar  to  gum-arabic. 
Protonitrate  of  mercury  also  affords  a precipitate  with  gum.  (Berzelius.) 

The  term  mucilage  is  applied  to  a modification  of  gum,  of  which  the 
substance  known  in  commerce  as  gum-tragacanth  may  be  taken  as  the 
type.  It  is  in  the  form  of  white  or  yellowish  semitransparent  flakes,  or 
curled  and  crinkled  pieces,  and  so  tough  as  not  to  admit  of  being 
powdered  till  dried  at  212°,  when  it  loses  about  10  per  cent . of  water, 
and  becomes  brittle.  It  does  not  dissolve  like  gum-arabic,  but  when 
steeped  in  wTater  swells  into  a bulky  mucilaginous  mass,  which,  when 
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boiled  with  water,  gradually  acquires  the  appearance  of  a solution  of 
ordinary  gum.  According  to  Guerin,  100  parts  of  tragacanth  yield  53. 
of  gum  (analogous  to  gum  arabic),  and  33  of  mucilage  (or  Bassorin , a 
mucilaginous  substance,  described  by  Vauquelin  as  forming  the  bulk  of 
gum  Bassora,  Ann.  du  Museum , xvi.,  167),  the  remainder  being  water 
and  oxalate  of  lime. 

Gum  Senegal,  Cherry-tree  Gum  (C erasin'),  and  that  of  peach  and 
apricot  trees,  and  other  species  of  Prunus , together  with  the  gum  of  starch 
and  lignin,  artificial  products  afterwards  to  be  noticed,  are  closely  analogous 
to  gum-arabic,  or  become  so  when  they  are  boiled  with  water.  The 
mucilage  of  quince-seed , linseed , of  the  petals  of  the  marigold  (Geiger’s 
Calendulin ),  and  that  of  several  of  the  gum-resins,  partake  of  the 
generic  characters  of  tragacanth,  or  of  mixtures  of  gum  and  mucilage. 
Sarcocolla  and  salep  also  exhibit  the  same  characters. 

Ultimate  Composition  and  Equivalent  of  Gum.  According  to 
Berzelius’s  analysis  of  the  insoluble  and  anhydrous  compound  of  gum  and 
oxide  of  lead  (gummate  of  lead),  the  oxygen  in  the  gum  is  to  that  in  the 
oxide  of  lead  as  12  to  1,  and  if  we  regard  it  as  a neutral  compound , it 
will  consist  of 


Gum  . . . 

Oxide  of  lead  . 

. I 

. 1 

• * 

• » 

186 

112 

62.5 

37-5 

Berzelius. 

61.75 
. . 38.25 

1 

298 

100.0 

100.00 

The  ultimate  composition  of  gum,  therefore,  as  represented  by  Berzelius, 
is  shown  in  the  following  table,  together  with  the  results  of  some  other 
analysts  (excluding  a trace  of  nitrogen.) 

Berzelius.  Prout.  Gay-Lussac.  Berthollet. 

Carbon  . . 13  . 78  . 41.94  . 41.906  . 41.4  . 42.24  . 43.80 

Hydrogen  . 12  . 12  . 6.45  . 6.788  . 6.5  . 6.93  . 6.86 

Oxygen  . . 12  . 96  . 51.61  . 51.306  . 52.1  . 50.84  . 49.24 

1 186  100.00  100.000  100.0  100.00  100.00 

Pectin  ; Pectic  Acid.  Under  this  term  (from  •TnjxV,  coagulum ), 
Braconnot  has  described  the  jelly  of  fruits,  a substance  which  had 
generally  been  regarded  as  a compound  of  gum  and  vegetable  acid:  it 
had  been  distinguished  from  animal  jelly  by  deficiency  in  nitrogen.  It 
is  obtained  from  many  fruits,  by  carefully  expressing  their  juice  and 
evaporating  it  more  or  less,  at  a temperature  not  exceeding  212°.  It 
may  be  obtained  by  the  addition  of  alcohol  to  recently-expressed  currant 
or  gooseberry  juice : in  the  course  of  a few  hours  a gelatinous  substance 
separates,  which  must  be  washed  with  weak  alcohol  and  dried:  it  then 
resembles  isinglass  in  appearance,  and,  when  digested  in  cold  water, 
swells  into  a soft  pulp  like  starch,  but  is  not  blued  by  iodine.  When 
heated  with  a small  quantity  of  potassa,  or  soda,  or  of  their  carbonates, 
it  is  converted  into  what  has  been  termed  Pectic  acid.  This  acid  is  easily 
obtained  by  the  action  of  alkalis  on  the  ligneous  tissue  of  some  vegetables : 
it  combines  with  bases,  and  may  be  again  separated  from  them  by  other 
acids.  (Braconnot,  Ann . de  Chim.  et  Phys .,  xxviii.  and  xxx.)  The  alkaline 
pectates  are  soluble,  but  the  pedate  of  lime  is  insoluble.  It  may  be 
procured  from  the  rasped  roots  of  carrots  and  turnips;  and  deposited 
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from  a mixture  of  one-fourth  of  the  juice  of  cherries  and  three-fourths  of 
the  juice  of  gooseberries,  and,  when  washed  carefully,  first,  with  dilute 
alcohol,  and  then  with  cold  distilled  water,  is  pure,  with  the  exception  of 
a little  colouring-matter. 

To  obtain  pectic  acid  from  the  carrot,  the  root  is  rasped,  pressed,  and 
washed  with  common  water,  until  the  latter  passes  off  limpid.  Every 
1 00  parts  of  the  pressed  carrot,  with  5 parts  of  bicarbonate  of  potassa,  are 
boiled  in  water  to  form  a clear  fluid,  and  then  again  pressed ; a strong 
solution  of  pectate  of  potassa  is  thus  obtained,  which,  being  decomposed 
by  excess  of  solution  of  chloride  of  calcium,  gives  an  insoluble  pectate 
of  lime.  This,  washed,  and  treated  with  water  acidulated  by  muriatic 
acid,  and  finally  with  pure  water,  affords  pure  pectic  acid. 

In  preparing  it  in  this  or  any  other  way,  water  containing  earthy 
salts  should  be  carefully  avoided,  as  they  are  decomposed,  and  precipitate 
it.  It  has  been  much  recommended  in  France  as  a part  of  the  diet  of 
invalids,  and  is  said  to  be  an  antidote  against  many  of  the  poisonous  salts. 
{Ann.  de  Chim.  et  Phys .,  xxx.,  96.) 

Pectic  acid  has  not  been  quantitatively  analyzed,  but  pectate  of 
potassa  (neutral)  is  said  to  consist  of  15  potassa  -j-  85  pectic  acid;  so  that 
the  equivalent  of  the  pectic  acid  would  be  about  270. 

Mucic  Acid;  Saclactic  Acid.  This  acid  is  produced  by  the  action 
of  nitric  acid  upon  gum,  or  upon  sugar  of  milk.  It  was  discovered  by 
Scheele  ( Opusc .,  ii.,  3).  It  is  obtained  by  heating  in  a retort  about 
3 parts  of  gum-arabic  and  5 of  nitric  acid,  diluted  with  half  its  weight  of 
water;  carbonic  acid  and  nitrous  gas  are  evolved,  and  when  the  effer- 
vescence has  nearly  ceased,  the  mixture  is  allowed  to  cool:  it  then 
deposits  a white  sediment,  which  is  mucic  acid:  1 part  of  sugar  of  milk 
may  be  substituted  for  the  gum,  and  exactly  the  same  product  is  obtained. 
It  may  be  purified  as  follows:  add  ammonia,  in  slight  excess,  to  the 
impure  acid,  and  afterwards  as  much  boiling  distilled  water  as  will  dis- 
solve the  salt  formed.  Filter  the  solution  while  boiling-hot,  and  then 
evaporate  it  very  slowdy,  nearly  to  dryness.  The  mucate  of  ammonia  will 
be  separated  in  the  form  of  crystals,  which  are  to  be  washed  with  cold 
distilled  water  till  they  become  quite  white  and  pure.  They  are  now  to 
be  again  dissolved  in  distilled  water,  and  the  boiling  saturated  solution 
permitted  to  drop  from  a filter  into  cold  diluted  nitric  acid.  This  latter, 
of  course,  decomposes  the  mucate,  and  precipitates  the  acid  in  a state  of 
purity.  (Prout,  Phil.  Trans.,  1827.)  This  acid  is  sparingly  soluble  in 
water,  requiring  60  parts,  at  212°,  and  is  deposited  as  the  solution  cools, 
in  the  form  of  a white  gritty  powder,  of  a slightly  acid  taste.  It  is  inso- 
luble in  alcohol.  It  combines  with  the  metallic  oxides,  and  forms  a class 
of  salts  called  mucates , or  saclactates. 

The  salts  of  this  acid  have  been  especially  examined  by  Trommsdorff, 
who,  with  Berzelius,  agrees  in  assigning  to  it  the  equivalent  1 05 : accord- 
ing to  these  chemists  the  mucate  of  lead , which  is  insoluble  in  water, 
consists  of 

Berzelius.  Trommsdorff. 

Oxide  of  lead  . . 1 . . 112  . . 51.61  . . 51.66  . . 51.5 

Mucic  acid  . . . 1 . . 105  . . 48.39  . . 48.33  . . 48.5 

1 217  100.00  100.00  100.0 
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The  following  are  the  analyses  of  the  mucic  acid  in  reference  to  this 
equivalent. 

Gay-Lussac 

Berzelius.  and  Thenard.  Prout. 

Carbon  . . C . . 30  . . 34.29  . . 33.430  . . 33.69  . . 33.33 

Hydrogen  . 5 . . 5 . . 4.70  . . 5.105  . . 3.62  . . 4.94 

Oxygen  . . 8 . . 64  . . 60.95  . . 61.465  . . 62.69  . . 61.73 


1 105  100.00  100.000  100.00  100.00 

Pyromucic  Acid.  When  mucous  acid  is  subjected  to  destructive 
distillation  it  yields  about  one-fifteenth  of  its  weight  of  pyromucic  acid , 
part  of  which  sublimes,  and  part  dissolves  in  the  distilled  liquid.  The 
whole  is  dissolved  in  water,  and  filtered  through  animal  charcoal,  evapo- 
rated and  crystallized,  or  again  sublimed.  This  acid  is  permanent  in  the 
air,  inodorous,  very  sour,  fusible  at  270°,  and  rises  in  vapour  at  a few 
degrees  above  that  point,  condensing  in  drops  which  concrete  in  fine 
acicular  crystals,  soluble  in  26  parts  of  cold,  and  in  less  of  boiling,  water, 
and  more  soluble  in  alcohol.  (Houton  Labillardiere,  Ann.  de  Chim.  et 
Phys .,  ix.,  365.)  It  consists,  in  its  anhydrous  or  combined  state,  of 


Carbon  . . 

. 10 

. . 60 

58.3 

Boussingault. 

. . 58.74 

Hydrogen  . 

. 3 

3 

2.9 

. . 2.88 

Oxygen  . 

. 5 

. . 40 

38.8 

. . 38.38 

1 

103 

100.0 

100.00 

The  crystallized  acid  appears  to  include  2 atoms  of  water,  and, 
according  to  Dumas,  is  isomeric  with  pyrocitric  acid , and  in  its  anhydrous 
state,  with  the  pyromeconic. 

The  salts  of  this  acid  ( Pyromuccites ) are  almost  all  soluble:  the  only 
metallic  salts  which  are  precipitated  by  it  being  those  of  the  peroxide  of 
iron,  protoxide  of  mercury,  and  of  tin.  It  is  as  good  a precipitant  of  the 
persalts  of  iron  as  succinic,  or  benzoic  acid. 

§ IV.  SUGAR. 

Cane  Sugar.  'Honey  Sugar.  Grape  Sugar.  Mannite.  Liquorice 
Sugar,  or  Glycyrhizin.  Mushroom  Sugar. 


Sugar  may  be  extracted  from  the  juice  of  a number  of  vegetables,  and 
is  contained  in  all  those  having  a sweet  taste:  that  which  is  commonly 
employed  is  the  produce  of  the  arundo  saccharifera , or  sugar-cane , a 
plant  which  thrives  in  hot  climates. 

The  constituents  of  cane-juice  are 


Water,  Albumen, 

Sugar,  Green  Fecula, 

Gum,  Lignin, 

Vegetable  Mucilage,  Acetic  Acid, 

Gluten,  Malic  Acid, 


Acetate  of  Lime, 
Acetate  of  Potash, 
Super  Malate  of 
Lime, 

Sulphate  of  Lime. 


Crystallizable  or  Cane-Sugar.  The  art  of  making  sugar  consists 
in  isolating  the  concrete  sugar  from  all  the  substances  with  which  it  is 
associated  in  cane-juice,  and  the  plan  is  as  follows. 

The  cane,  when  ripe,  is  cut  off  at  the  root,  stripped  of  leaves  and 
ends,  then  passed  twice  through  the  mill,  so  as  to  express  all  the  juice. 
To  prevent  fermentation,  which  commences  most  rapidly  in  new  juice,  a 
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portion  of  lime  (about  1 to  I GOO)  is  immediately  mixed  with  the  juice, 
which  is  then  passed  through  a series  of  boilers  to  the  last  evaporating 
vessel  called  a teache.  The  syrup  there  is  boiled  until  it  granulates 
to  proof,  and  is  then  transferred  into  coolers  for  the  crystals  to  form 
and  separate  from  the  molasses  or  treacle ; after  which  it  is  packed  into 
hogsheads  for  exportation  to  this  country,  under  the  name  of  muscovado 
or  raw  sugar. 

During  the  process  of  extracting  raw  sugar  from  the  cane-juice , 
the  saccharine  matter  is  materially  affected,  its  colour  is  darkened,  and 
its  power  of  crystallization  considerably  weakened. 

When  the  sugar-cane  has  attained  its  full  maturity  for  grinding,  little 
or  no  colouring-matter  is  contained  in  the  juice,  but  it  exists  in  the 
waxy  or  resinous  particles  combined  with  the  green  fecula,  which  are 
left  in  the  sugar,  when  the  green  fecula  is  precipitated  by  the  lime.  In 
boiling,  the  alkali  sets  free  the  colouring-matter,  which  is  dissolved  by 
high  temperatures,  and  thus  by  the  application  of  heat,  Sugar,  from  its 
extraordinary  solvent  powers,  suffers  more  or  less  at  all  temperatures. 

By  evaporating  the  cane-juice  in  open  pans,  the  heat  of  the  vessel 
itself  is  above  300°  Fahr.,  and  as  the  juice  cannot  support  a tempera- 
ture of  225°  without  decomposition  of  the  green  fecula  and  other 
vegetable  matter,  the  saccharine  matter  must  necessarily  undergo  great 
changes.  Solid  anhydrous  sugar  is  made  fluid  at  300°,  and  at  302° 
is  decomposed : the  syrups  are  therefore  darkened  by  the  charring  and 
carbonization  of  the  juice  at  the  bottom  of  the  evaporating  vessels.  The 
saccharine  matter  thus  decomposed  is  probably  converted  into  gum. 
(Dr.  Thomson  describes  sugar  as  differing  from  gum  merely  by  containing 
an  atom  of  water  less.  Hence  an  atom  of  sugar  + an  atom  of  water, 
constitute  an  atom  of  gum.) 

In  addition  to  the  injurious  effects  of  heat  on  the  saccharine  matter, 
there  is  another  principle,  opposed  to  crystallization,  existing  in  the 
defecated  juice,  which  is  vegetable  mucilage,  and  which,  at  a boiling 
temperature,  is  converted  into  a matter  analogous  to  gum.  Dr.  Turner 
describes  it  most  correctly.  “ The  saccharine  principle  of  treacle  has 
been  supposed  to  be  different  from  crystallizable  sugar:  but  it  consists 
chiefly  of  common  sugar,  which  is  prevented  from  crystallizing  by  the 
presence  of  foreign  substances,  such  as  saline  and  other  vegetable 
matters.” 

The  process  of  Refining  Sugar  consists  in  separating  the  pure 
crystals  from  the  uncrystallizable  and  colouring-matter  existing  in  the 
sugar-cane,  and  subsequently  increased  on  converting  the  cane-juice  into 
raw  or  Muscovado  sugar.  The  following  is  a sketch  of  the  modern 
process  by  which  sugar  is  rejined'.  Raw  sugar  is  chosen  for  the  purpose 
by  the  sharpness  and  brightness  of  the  grain,  and  those  kinds  are  preferred 
which  have  a peculiar  gray  hue.  Soft-grained  yellow  sugars,  although 
whiter,  are  not  so  fit  for  refining,  and  it  is  for  this  reason  that  sugars 
from  particular  colonies  are  seldom  used,  such  as  those  from  the  East 
Indies,  Barbadoes,  &c. 

The  proper  sugar  being  selected,  the  pans  are  charged  with  a certain 
portion  of  lime-water,  with  which  bullocks’  blood  is  well  mixed  by 
agitation.  They  are  then  filled  with  the  sugar,  which  is  suffered  to 
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stand  a night  to  dissolve.  The  use  of  the  lime-water  is  to  render  the 

O 

molasses  more  soluble,  and  thus  to  facilitate  its  separation  from  the  pure 
solid  sugar.  In  the  purer  kinds,  and  more  especially  when  the  refined  is 
redissolved  for  the  purpose  of  bringing  it  to  its  utmost  degree  of  purity, 
lime  is  not  used;  the  quantity  of  molasses  being  so  small  as  to  he  easily 
removed  by  the  agency  of  water  alone. 

Fires  are  lighted  under  the  pans  early  in  the  morning,  and  when  the 
liquid  begins  to  boil,  the  albumen  of  the  blood  coagulates  and  rises  to  the 
top,  bringing  the  impurities  of  the  sugar  with  it.  These  are  taken  off  with 
a skimmer.  The  liquid  is  kept  gently  simmering  and  continually  skimmed, 
till  a small  quantity,  taken  in  a metallic  spoon,  appears  transparent : this 
generally  takes  from  four  to  five  hours.  The  whiteness  of  the  sugar  is 
not  improved  by  this  process,  but  even  sometimes  deteriorated,  from  the 
action  of  the  fire;  it  only  serves  to  remove  foreign  impurities. 

The  colour  (as  the  refiners  term  it)  or  whiteness  of  the  sugar  when 
refined,  depends  in  a great  measure  on  the  quantity  of  animal  charcoal 
used  in  this  part  of  the  process.  It  is  applied  frequently  to  the  first 
solution  of  the  sugar  and  water.  In  some  refining-houses  the  solution  is 
filtered  through  beds  of  animal  charcoal.  The  solution  is,  when  perfectly 
bright  and  clear,  run  off  into  a large  cistern. 

The  pans  are  then  reduced  to  half  their  size  by  taking  off  their 
fronts,  and  a quantity  of  syrup  returned  into  each,  which  is  made  to 
boil  as  rapidly  as  possible,  till  it  is  capable  of  being  drawn  into  threads. 
Nothing  but  practice  can  ascertain  the  exact  point  at  which  the  boiling 
should  be  stopped:  if  carried  too  far,  the  molasses  is  again  bound  up 
with  the  sugar;  and  if  not  carried  far  enough,  much  of  the  sugar  runs  off 
with  the  molasses  in  the  after-process.  When  this  point  is  ascertained, 
the  fire  is  damped,  and  the  boiling  sugar  carried  to  the  coolers:  a fresh 
quantity  is  then  pumped  into  the  pans,  which  is  evaporated  as  before. 

When  the  sugar  is  in  the  coolers,  it  is  agitated  with  wooden  oars  till 
it  appears  granulated,  and  is  no  longer  capable  of  being  drawn  into 
threads.  It  is  upon  this  agitation  in  the  cooler  that  the  whiteness  and 
fineness  of  grain  in  the  refined  sugar  depend.  The  crystals  are  thus 
broken  whilst  forming,  and  the  whole  converted  into  a granular  mass, 
which  permits  the  coloured  liquid  saccharine  matter  to  run  off,  and 
which  would  be  combined  with  the  solid  if  suffered  to  form  in  larger 
crystals.  This  granular  texture  likewise  facilitates  the  percolation  of 
water  through  the  loaves  in  the  after-process,  which  washes  the  minutely- 
divided  crystals  from  all  remaining  molasses.  That  this  is  the  true 
theory  of  the  whitening  of  sugar  by  the  process  of  refining,  appears 
from  a comparison  with  the  process  of  making  candy.  In  this  latter, 
the  raw  material  is  cleared  and  boiled  exactly  in  the  same  manner ; but 
instead  of  being  put  into  coolers  and  agitated,  it  is  poured  into  pots, 
across  which  threads  are  strung,  to  which  the  crystals  attach  themselves ; 
these  are  set  in  a stove,  and  great  care  is  taken  not  to  disturb  the  liquid, 
as  upon  this  depends  the  largeness  and  beauty  of  the  candy.  In  this 
state  it  is  left  for  five  or  six  days,  exposed  to  a heat  of  about  95°,  when 
it  is  taken  out  and  washed  with  lime-water : this  takes  off  the  molasses 
from  the  outside,  but  a portion  is  combined  in  the  crystals,  and  the 
consequence  is,  that  candy  is  never  whiter  than  the  sugar  from  which  it 
is  made. 
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AVdien  the  sugar  has  arrived  at  that  granular  state  in  the  coolers, 
above  described,  it  is  poured  into  conical  earthen  moulds,  which  have 
previously  been  soaked  a night  in  water.  In  these  it  is  again  agitated 
with  sticks,  for  the  purpose  of  extricating  the  air-bubbles  which  would 
otherwise  adhere  to  the  sugar  and  the  moulds,  and  leave  the  coat  of  the 
loaf  rough  and  uneven.  When  sufficiently  cold,  the  moulds  are  taken 
to  the  upper  floors  of  the  manufactory,  and  the  paper  stops  being 
removed  from  their  points,  they  are  set,  with  their  broad  ends  upward, 
upon  earthen  pots.  The  first  portions  of  the  liquid  molasses  soon  run 
down,  and  leave  the  sugar  whitened  by  the  separation.  This  self- 
clearance is  assisted  by  a high  temperature ; and  when  it  is  perfected, 
pipe-clay,  carefully  mixed  with  water  to  the  consistence  of  cream,  is  put 
upon  the  base  of  loaves  to  the  thickness  of  about  an  inch : the  water 
from  this  slowly  percolates  them ; and,  washing  the  solid  sugar  from  all 
tinge  of  molasses,  runs  into  pots.  The  clay  is  of  no  other  use  than  to 
retain  the  water,  and  prevent  its  running  too  rapidly  through  the  mass, 
by  which  too  much  of  the  sugar  would  be  dissolved : a sponge,  dipped 
into  water,  acts  in  the  same  manner.  The  process  of  claying  is  repeated 
four  or  five  times,  according  to  the  nature  of  the  sugar,  and  the  degree 
to  which  it  has  been  boiled.  When  the  loaves  are  cleansed  from  all 
remains  of  the  coloured  fluid,  they  are  suffered  to  remain  some  time  for 
the  water  to  drain  off ; when  this  is  completed,  they  are  set  with  their  bases 
downwards,  when  all  remains  of  it  return  from  their  points,  and  it  is 
equally  diffused  throughout : they  are  then  set  in  a stove,  heated  to 
about  95°,  and  thoroughly  dried. 

The  syrup , or  the  mixed  solution  of  sugar  and  molasses  which  runs 
into  the  pots,  is  mingled  in  the  next  boilings  with  the  solution  of  raw 
sugar  in  the  pans,  and  again  evaporated.  It  is  divided  according  to  its 
fineness ; the  first  running,  containing  most  molasses,  is  reserved  for  the 
coarser  loaves ; whilst  the  last,  being  little  else  than  a solution  of  sugar, 
is  boiled  into  loaves,  of  the  same  degree  of  fineness  as  those  from  which 
it  ran.  The  lowest  syrups  are  boiled  into  what  is  called  bastard  sugar , 
from  which  the  molasses  runs  with  very  little  mixture  of  the  solid 
sugar.  This  is  called  treacle , and  is  incapable  of  further  crystallization. 

The  produce  of  1 cwt.  of  raw  sugar  worked  in  this  manner  is,  upon 
an  average,  63  lbs.  refined,  18  lbs.-  bastard,  27  lbs.  molasses,  4 lbs.  lost 
weight,  dirt,  &c.,  equal  to  112  lbs. 

The  process  above  described  may  almost  be  considered  as  mechanical. 
The  only  truly  chemical  parts  of  it  are  the  clearing  with  blood,  and  the 
use  of  lime-water,  which  combines  with  the  molasses,  and  facilitates  its 
solution  during  the  percolation  of  the  water. 

It  cannot  be  doubted  that  much  improvement  may  be  made  in 
refining  sugar , by  the  aid  of  chemistry,  so  as  to  produce  a much  larger 
quantity  of  refined  from  raw  sugar , by  extracting  all  the  feculent  and 
albuminous  particles  remaining  in  the  raw  sugar,  and  which,  when 
again  exposed  to  heat,  at  high  temperatures,  in  the  process  of  refining, 
further  decompose  the  saccharine  matter,  and  add  still  more  to  the 
molasses  and  mucilaginous  matter  enveloping  the  pure  cr}rstals  in  the 
raw  sugar.  The  plan  of  refining  by  open  pans  is  now  nearly  superseded 
in  this  country,  by  the  application  of  steam,  and  Howard’s  plan  of  eva- 
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porating  in  vacuo , or  at  least  under  a greatly-diminished  atmospheric 
pressure,  hy  which  exposure  to  any  temperature,  liable  to  injure  the 
sugar,  is  effectually  prevented.  The  process  of  claying  is  now  generally 
omitted,  and  a strong  solution  of  very  white  sugar  is  substituted.  The 
principle  is,  that  water,  having  a stronger  affinity  for  the  molasses  than 
for  the  solid  sugar,  will  percolate  the  crystals,  carrying  the  molasses,  and 
leaving  sugar  to  enlarge  and  aggregate  the  crystals,  rendering  the  loaves 
of  more  weight  and  closer  grain. 

In  the  boiling  of  sugar  it  is  always  desirable  to  avoid  such  elevation 
of  temperature  as  may  in  any  way  tend  to  discolour  or  decompose  it,  and 
high-pressure  steam,  oil,  and  various  saline  solutions,  have  accordingly 
been  resorted  to  as  media  for  the  communication  of  heat,  the  object 
being  rapidly  to  boil  and  evaporate,  without  elevating  the  temperature  to 
that  point  at  which  sugar  suffers  incipient  decomposition.  According 
to  Dr.  Henry,  w a mixture  of  one  part  of  water  and  three  of  sugar  boils 
rapidly  at  230° ; and  from  this  to  240°  is  its  due  temperature.  If  a 
solution  of  sugar  be  further  concentrated  by  the  evaporation  of  water, 
the  thermometer  rises  to  340°.  The  sugar  then  begins  to  turn  black,  and 
at  370°  it  takes  fire,  on  applying  flame  to  its  vapour,  and  burns  strongly, 
leaving  a residuum  of  charcoal.” 

Pure  Sugar  is  a white  brittle  substance  of  a pure  sweet  taste.  Its 
specific  gravity  is  about  1.5  It  is  dissolved  in  its  own  weight  of  cold 
water,  and  boiling  water  dissolves  a considerably  larger  quantity.  This 
aqueous  solution  is  called  syrup  ; it  is  viscid,  and  furnishes  crystals  in 
the  form  of  four  and  six-sided  prisms,  irregularly  terminated,  composed, 
according  to  Berzelius,  of  100  sugar  -}-  5.6  water.  Sugar  is  soluble  .in 
alcohol,  but  more  sparingly  so  than  in  water ; when  of  the  specific 
gravity  of  .830,  it  takes  up  about  one-fourth  its  weight  of  pure  white 
sugar ; but  absolute  alcohol  dissolves  only  about  one-eightieth  of  its 
weight  at  its  boiling-point,  and  on  cooling,  almost  the  whole  separates  in 
small  crystals.  When  equal  parts  of  strong  syrup  and  alcohol  are  mixed, 
a quantity  of  small  brilliant  crystals  of  sugar  are  soon  deposited. 

Pure  sugar  is  unchanged  by  air,  and  perfectly-pure  syrup  is  not  prone 
to  change ; but  the  addition  of  other  vegetable  substances,  though  in 
very  minute  quantity,  materially  influences  the  action  of  air  on  this 
solution.  These,  and  other  changes  of  such  mixtures,  we  shall  consider 
under  the  article  fermentation. 

Concentrated  sulphuric  acid  decomposes  sugar,  evolving  charcoal, 
and  producing  water  and  acetic  acid.  It  is  a striking  experiment  to  mix 
about  equal  weights  of  strong  syrup  and  sulphuric  acid ; the  mixture, 
when  stirred,  presently  becomes  brown  and  black,  then  suddenly  heats, 
effervesces,  and  passes  into  the  state  of  an  almost  solid  and  very  bulky 
magma  of  charcoal : the  acid  appears  suddenly  to  abstract  from  the 
sugar  the  elements  of  water. 

When  sugar  is  dissolved  in  dilute  sulphuric  acid  and  long  boiled,  it 
is  gradually  altered  and  converted  into  that  modification  of  sugar  which 
is  obtained  by  the  action  of  the  same  acid  upon  starch.  Nitric  acid 
converts  sugar  into  oxalic  and  other  acids.  (See  Oxalic  Acid.)  Chlorine, 
and  muriatic  acid  gas  are  absorbed  by  sugar ; they  render  it  brown  and 
clammy ; and  chlorine  yields  muriatic  acid,  and  apparently  some  malic 
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acid.  When  3 or  4 per  cent,  of  oxalic  or  tartaric  acid  are  added  to 
sugar,  it  is  rendered  permanently  uncrystallizable. 

Sugar  combines  with  the  salifiable  bases.  The  alkalis  dissolve  it, 
and  destroy  its  sweet  taste,  which  re-appears  if  an  acid  be  added. 
When,  however,  they  are  left  long  in  contact  of  sugar,  they  effect  a 
more  important  change,  becoming  carbonated,  and  apparently  converting 
the  sugar  into  gum.  Sugar  absorbs  ammoniacal  gas,  and  forms  with  it, 
according  to  Berzelius,  a definite  compound  of  1 atom  of  sugar,  1 of 
ammonia,  and  1 of  water,  which,  exposed  to  air,  loses  ammonia  and 
leaves  unaltered  sugar.  The  hydrated  alkaline  earths  are  soluble  in 
large  proportion  in  syrup.  When  the  solutions  are  evaporated,  uncrys- 
tallizable gum-like  compounds  remain,  insoluble  in  alcohol.  From  a 
solution  of  sugar  and  lime,  Mr.  Daniell  obtained  crystals  of  carbonate  of 
lime  and  a portion  of  gum.  The  addition  of  phosphuret  of  lime  to  syrup 
produces  an  analogous  change.  {Journal  of  Science  and  the  Arts , vi.  32.) 

Syrup  dissolves  hydrated  oxide  of  copper,  and  the  carbonate  and 
subacetate  of  copper,  and  forms  blue  or  green  solutions,  from  which 
alkalis  do  not  throw  down  the  oxide,  but  which  are  decomposed  by 
sulphuretted  hydrogen  and  by  ferrocyanuret  of  potassium.  Some  of  the 
cupreous  salts  are  reduced,  or  afford  precipitated  suboxide,  when  boiled 
with  sugar. 

When  oxide  of  lead  is  digested  in  a solution  of  sugar,  it  forms  a 
yellow  alkaline  liquid,  which,  on  evaporation,  yields  a tough  deliquescent 
mass.  But  when  a solution  of  sugar  is  boiled  with  excess  of  oxide  of 
lead,  and  filtered  whilst  hot,  it  deposits,  after  some  hours,  bulky  flakes  of 
an  insoluble  tasteless  compound,  which  may  be  dried  without  decom- 
position, in  vacuo:  it  is  soluble  in  the  acids,  and  when  diffused  through 
water  may  be  decomposed  by  a current  of  carbonic  acid,  which  forms 
carbonate  of  lead,  and  the  sugar  is  evolved.  Berzelius  considers  this  as 
a compound  of  1 atom  of  sugar,  and  2 atoms  of  oxide  of  lead  : it  consists 
of  42.35  sugar,  and  57-65  oxide  of  lead. 

When  sugar  is  boiled  with  solution  of  nitrate  of  silver,  a black 
powder  is  formed,  which  has  not  been  examined : from  perchloride  of 
mercury  it  throws  down  the  protochloride ; and  when  mixed  with  solu- 
tions of  peroxide  of  iron,  the  whole  of  the  oxide  cannot  be  precipitated 
by  ammonia. 

When  sugar  is  exposed  to  a heat  of  212°  it  undergoes  no  other 
change  than  that  occasioned  by  the  loss  of  adhering  water ; but  at  300° 
it  begins  to  fuse,  becomes  brown,  evolves  a little  water,  and  is  resolved 
at-  higher  temperatures  into  new  arrangements  of  its  component  elements. 
Dr.  Prout  found  that  sugar,  exposed  for  seven  hours  to  a temperature  of 
300°,  only  lost  0.6  per  cent,  of  its  weight,  but  its  properties  were  per- 
manently injured.  If  suddenly  elevated  to  a temperature  of  about  500 J, 
it  bursts  into  flame. 

In  sugar,  as  in  gum,  the  oxygen  and  hydrogen  are  to  each  other  in 
the  same  relative  proportions  as  in  water,  so  that  its  ultimate  composition 
is  theoretically  represented  by  COLT  + f But  the  relation  of  the  carbon 
to  the  water,  or  the  absolute  equivalent  of  sugar,  is  not  so  easily  deter- 
mined, in  consequence  of  the  varieties  of  sugar  differing  a little  in  the 
relative  proportion  of  carbon  which  they  contain:  if  this  be  assumed  at 


904 


SUGAR. 


40  per  cent,  then  the  carbon  and  water  will  be  in  the  ratio  of  their 
respective  equivalents  *,  but  there  is,  in  the  greater  number  of  the  analyses, 
an  excess  of  carbon  in  reference  to  their  equivalents,  and  in  regard  to 
the  weight  of  the  proximate  equivalent  of  sugar,  the  only  compound  from 
which  it  can  be  deduced  is  that  with  oxide  of  lead.  If  the  insoluble 
saccharate  of  leaf  above  described,  be  regarded  as  composed  of  1 atom 
of  sugar  and  2 of  oxide  of  lead,  the  number  1 62  will  be  the  representative 
of  sugar,  and  we  may  then  adopt  the  following  statement!  of  its  ultimate 
composition. 


Carbon  . . 

. . 12 

72 

. . 44.4 

Berzelius. 

44.99 

Hydrogen  . 

. . 10 

10 

6.2 

6.41 

Oxygen 

. . 10 

80 

49.4 

48.60 

1 

162 

100.0 

100.00 

These  are  the  results  of  the  analysis  of  the  anhydrous  sugar , as  it  is 
presumed  to  exist  in  combination  with  oxide  of  lead:  crystallized  sugar , 
dried  at  212°,  is  presumed  to  consist  of 

Berzelius. 

Anhydrous  Sugar  . . 1 . . 1G2  „ . 94.74  . . 94.7 

Water  ......  1 . . 9 . . 5.26  . . 5.3 

1 171  100.00  100.0  ; 
or,  in  reference  to  ultimate  constituents , crystallized  sugar  contains 

Gay  Lu  ssac 

Berzelius,  and  Thenard.  Dobereiner.  Crum.  Berthollet.  Ure. 

Carbon  12  . 72  . 42.1  . 42.225  . 42.47  . 40.14  . 41.8  . 41.26  . 43.38 

Hydrogen  11  . 11  . 6.4  . 6.600  . 6.90  . 7-05  . 6.5  . 6.97  . 6.28 

Oxygen  11  . 88  . 51.5  . 51.175  . 50.63  . 52.81  . 51.7  . 51.77  • 50.33 

1 171  100.0  100.000  100.00  100.00  100.0  100.00  100.00 

To  these  I subjoin  Dr.  Prout's  analysis  of  several  varieties  of  sugar  J, 
designated  as  below.  (Gmelins  Handbuch.) 

* Dobereiner  regards  crystallized  sugar  as  a compound  of  6 atoms  of  carbon, 
6 of  hydrogen,  and  6 of  oxygen,  the  carbon  being  equally  divided  between  the 
hydrogen  and  oxygen,  so  as  to  form  a carbonate  of  hydrocarbon. 

I have  here  omitted  half  an  atom  of  hydrogen,  which  Berzelius’  atomic 
numbers  require. 

J The  following  is  Dr.  Prout’s  statement  of  the  composition  of  the  different 


of  sugar.  {Phil.  Trans.,  1827.) 

Carbon. 

Water. 

Pure  sugar-candy 

. 42.85  . . . 

. 57.15 

Impure  sugar-candy 

. 41.5  to  42.5  . 

. 58.5  to  57.5 

East  India  sugar-candy  {v)  . 

. 41.9  .... 

. 58.1 

English  refined  sugar 

. 41.5  to  42.5  . 

. 58.5  to  57.5 

East  India  refined  sugar  (a)  . . . 

. 42.2  .... 

. 57.8 

Maple  sugar  (a) 

. 42.1  .... 

. 57.9 

Beet-root  sugar  (a) 

. 42.1  .... 

East  India  moist  sugar  (a)  . . . 

. 40.88  . . . 

. 59.12 

Sugar  of  diabetic  urine  .... 

. 36  to  40  ? . . 

. 64  to  60  ? 

Sugar  of  Narbonne  honey  . . . 

. 36.36  . . . 

. 63.63 

Sugar  from  starch 

. 36.2  .... 

. 63.8 

[ In  these  results  fixed  bodies  only  have  been  allowed  for,  and  those  marked 
(a),  as  occurring  in  commerce,  are  probably  subject  to  slight  variations  in  their 
composition.  ] On 
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A 

Carbon  42.85  . . 

Hydrogen  8.35  . . 

Oxvgen  50.80  . . 

O 


B C D 

42.00  . . 41.90 

8.44  . . 6.48 

51.58  . . 51.64 


E F G 

42.20  . . 42.10 

6.42  . . 6.43 

51.38  . . 51.47 


II 

40.88 

6.57 

52.55 


100.00  100.00  100.00  100.00  100.00  100.00 


A Purified  candy;  b West  India  candy;  c English  refined;  d East 
India  candy;  e East  India  refined ; f Maple-sugar ; g Beet-sugar;  n East 
India  moist. 

Maple-Sugar  is  the  produce  of  the  Acer  saccharinum , which  is  culti- 
vated as  a source  of  sugar  in  North  America.  A hole  is  bored  through 
the  hark  in  spring,  from  which  the  sap  flows  to  such  an  extent,  that  a 
tree  of  average  size  yields  about  50  quarts  in  24  hours ; it  contains  5 per 
cent,  of  sugar.  The  sap  is  collected  during  5 or  6 weeks:  it  is  rapidly 
boiled  down,  and  yields  a coarse  sugar,  which,  however,  may  be  purified 
by  the  same  processes  as  cane-sugar,  and  resembles  it  in  its  properties. 

Beet-Sugar  is  obtained  from  the  Beta  vulgaris.  The  manufacture 
of  sugar  from  beet-root  has  been  successfully  and  extensively  pursued  in 
France : many  interesting  details  respecting  it  will  be  found  in  a paper 
in  the  Quarterly  Journal , xxi.  252.  The  roots,  having  been  softened  in 
water,  are  sliced,  and  the  juice  is  expressed  and  boiled  down  to  about 
two-thirds  its  bulk,  with  the  addition  of  a little  lime ; it  is  then  strained, 
again  evaporated,  and  purified  in  the  same  way  as  cane-sugar.  100  lbs. 
of  the  root  furnish  between  4 and  5 lbs  of  purified  white  sugar,  besides 
a quantity  of  syrup,  at  the  average  expense  (in  France,)  of  between 
threepence  and  fourpence  a pound. 

Granular  Sugar.  This  modification  of  sugar,  (the  Kriimel-zucker, 
crumbling  or  granular  sugar  of  the  German  chemists),  exists  in  the  juice 
of  several  fruits,  but  especially  in  grapes,  and  may  be  produced  artificially 
from  lignin,  starch,  and  some  other  substances  which  we  shall  afterwards 
describe:  it  may  also  be  obtained  from  honey.  Granular  sugar  forms 
the  saccharine  concretions  that  are  found  in  raisins;  and  as  it  exists 
abundantly  in  the  juice  of  the  grape  it  is  often  termed  grape  sugar.  In 
good  seasons  the  expressed  juice  of  grapes  contains  from  30  to  40  per 
cent,  of  solid  matter,  the  greater  part  of  which  is  sugar:  there  is  a small 


On  these  Dr.  Prout  makes  the  following 
remarks ; u Th e sugar-candies  of  the  shops 
frequently  contain  minute  quantities  of 
foreign  fixed  bodies,  such  as  lime,  &c.,  as 
well  as  others  of  a destructible  character. 
Both  the  specimens  of  India  sugar-candy 
I examined  were  obviously  impure  to  the 
eye,  being  of  a brown  colour,  and  deli- 
quescent ; they  contained,  among  other 
things,  traces  of  potash.  The  East  India 
refined  sugar  was  perfectly  white,  but 
rather  soft  and  friable,  and  it  did  not 
possess  the  fine  and  brilliant  grain  of  the 
best  refined  sugars  of  commerce.  Tor  a 
specimen  of  the  maple  sugar  I was  in- 
debted to  Mr.  Faraday;  this,  when  I 
received  it,  was  very  impure  and  deli- 
quescent, but  by  treating  it  by  the  process 
above  alluded  to  (see  Phil,  Tr.),  a portion 


was  separated  that  differed  but  little  in  its 
appearance  from  cane  sugar.  The  beet- 
root sugar  was  made  and  refined  in 
France ; it  was  perfectly  white,  but 
rather  soft  and  fine  in  the  grain.  The 
East  India  moist  sugar  was  of  a very  low 
kind,  and  known  in  commerce  by  the 
name  of  Burdwan  sugar ; itwas  deprived 
of  its  hygrometric  moisture  before  ana- 
lysis by  exposure  to  sulphuric  acid  under 
a receiver.  The  diabetic  sugar  was  pre- 
pared as  above ; the  results  given  were 
obtained  many  years  ago,  and  I have  had 
no  opportunity  of  repeating  the  analysis 
with  the  present  apparatus;  I believe, 
however,  that  diabetic  sugars,  in  general, 
belong  to  the  honey  variety.  The  sugar 
of  starch  was  prepared  by  myself  in  the 
usual  manner.” 
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relative  quantity  of  gum,  extractive,  gluten,  and  Li  tartrate  of  potassa. 
To  obtain  the  sugar,  the  juice  is  neutralized  by  the  addition  of  chalk  or 
powdered  marble,  strained  or  filtered,  mixed  with  a little  white  of  egg, 
boiled,  skimmed,  and  evaporated  till  of  the  specific  gravity  of  1.32.  It 
is  then  allowed  to  cool,  and  in  a few  days  it  concretes  into  a solid  mass, 
which  is  drained,  and  then  dried  by  pressure:  it  affords  about  3 parts 
of  dry  sugar  and  1 of  syrup.  The  sugar  may  be  rendered  white  by  boiling 
it  with  charcoal.  (Proust.) 

IIoney.  The  substance  secreted  in  the  nectaries  of  flowers,  is  col- 
lected by  bees,  and  by  them  converted  into  honey  and  wax:  the  portion 
of  sugar  not  required  for  nutriment  is  returned  by  the  insect  into  the 
combs,  in  the  form  of  a yellow  syrup,  the  taste  and  smell  of  which  differs 
a little,  according  to  the  flowers  whence  it  has  been  derived,  but  which 
is  always  yellow,  viscid,  and  very  sweet.  Honey  contains  two  kinds  of 
sugar ; the  one  resembles  that  from  the  grape,  the  other  is  uncrystallizable : 
honey  also  contains  a yellow  colouring-matter,  wax,  gum,  and  sometimes 
manna-sugar.  The  solid  sugar  is  most  easily  obtained  from  the  granular 
or  crystalline  honey,  by  the  action  of  strong  alcohol,  which  dissolves  the 
other  ingredients,  but  leaves  the  granular  sugar.  It  may  be  whitened  by 
dissolving  it  in  water,  filtering,  boiling  with  charcoal,  and  evaporating 
the  solution  till  it  granulates  when  cold. 

Grape-Sugar  is  less  soluble  in  water  than  cane-sugar,  and  the  syrup 
which  it  affords  is  less  viscid.  It  does  not  sweeten  so  effectively  as  cane- 
sugar,  and  is  less  soluble  in  alcohol.  When  dissolved  in  boiling  alcohol 
it  is  deposited  in  an  irregularly-crystalline  mass  on  cooling.  Acids  act 
upon  it  as  on  cane-sugar,  but  it  has  less  affinity  for  salifiable  bases; 
it  combines  readily  with  subacetate  of  copper;  when  its  solution  is 
mixed  with  common  salt,  dodecaedral  crystals  may  be  obtained  from  it, 
consisting  of  25  chloride  of  sodium,  75  sugar,  and  about  7 per  cent,  of 
water.  Dry  grape  and  honey  sugar  have  been  analyzed  with  the  following 
results,  as  given  by  Gmelin. 


Carbon  , 

. . 6 

. . 36 

. . 36.36 

Grape  Sugar. 
Saussure 

. . 36.71 

Haney  Sugar. 
Pi'Ollt. 

. . 36.36 

Hydrogen 

. . 7 

7 

7.07 

6.78 

7.07 

Oxygen  . 

. • 7 

. . 56 

. . 56.57 

. . 56.51 

. . 56.56 

1 

99 

100.00 

100.00 

99.99 

The  sugar  of  malted  grain , of  diabetic  urine , and  that  formed  artifi- 
cially from  starch  and  from  woody  fibre,  has  the  general  characters  of  grape- 
sugar  : these  we  shall  afterwards  examine.  A similar  sugar  has  also  been 
obtained  from  the  Spanish  chestnut,  to  the  amount  of  about  14  per  cent . 
from  those  grown  in  Tuscany.  The  French  chestnuts  are  less  saccharine. 

Mannite;  Manna-Sugar.  This  species  of  sugar  is  most  abundant 
in  Manna,  but  is  also  found  in  beet-root,  celery,  asparagus,  onions,  and 
probably  in  many  other  sweet  plants : it  is  also  contained  in  the  sap  of  the 
larch  (and  other  species  of  pin  us),  and  exudes  from  their  bark,  but  it 
always  tastes  of  turpentine.  ( Manna  Brigantinad)  Manna  exudes  from 
several  species  of  ash,  especially  from  the  Fraxinus  ornus,  and  rotundi- 
fiolia.  The  hest  jlahc-manna  is  imported  from  Sicily  and  Calabria,  it  is  of 
a buff-colour,'  light,  and  translucent.  It  has  a slight  odour,  and  a sweet, 
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somewhat  mtuseous  taste.  Mannite  is  obtained  from  manna,  by  boiling 
it  in  alcohol:  as  the  solution  cools,  it  crystallizes:  it  may  be  purified  by 
pressure.  By  very  slow  crystallization  it  furnishes  delicate  four-sided 
acicular  prisms.  It  forms  about  four-fifths  of  the  best  manna;  the 
residue  is  common  sugar,  and  a peculiar  yellowish  extractive  matter,  in 
which  the  aperient  quality  of  the  manna  resides. 

Mannite  is  white,  or  nearly  so,  and  very  soluble  in  water : its  aqueous 
solution,  when  sufficiently  concentrated,  concretes.  Even  when  much 
diluted,  it  does  not  ferment;  so  that  it  may  in  this  way  be  separated 
from  the  other  varieties  of  sugar,  for,  when  mixed  with  them,  it  remains 
undecomposed,  whilst  they  are  converted  into  alcohol. 

The  ultimate  composition  of  mannite  has  not  been  satisfactorily 
determined,  in  consequence  of  the  difficulty  of  ascertaining  whether  it 
does  or  does  not  contain  chemically-combined  water;  nor  is  there  any 
combination  of  it  from  which  its  proximate  equivalent  can  be  deduced. 
Gmelin  gives  the  following  view  of  its  supposed  atomic  constitution. 

According  to  Prout.  According  to  Saussure. 

Carbon  . . . . 15  . . 90  . . 38.46  . . 7 • • 42  . . 48.27 

Hydrogen  . . . 16  . . 16  . . 6.84  . . 5 . . 5 . . 5.75 

Oxygen  . . . . 16  . . 128  . . 54.70  . . 5 . . 40  . . 45.98 

Dried  at  212°  . . 1 234  100.00  1 87  100.00 

Liquorice-Sugar.  Glycyriiizin.  When  a strong  infusion  of  liquo- 
rice-root is  slowly  evaporated  to  a small  bulk,  and  sulphuric  acid  added, 
a precipitate  falls,  containing  sugar  and  albumen,  which  is  to  be  washed 
with  water  acidulated  by  sulphuric  acid,  then  with  pure  water,  and 
afterwards  digested  in  alcohol,  which  leaves  the  albumen.  A solution  of 
carbonate  of  potassa  is  then  dropped  into  the  alcoholic  solution  till  its 
acid  is  neutralized ; it  is  filtered  and  evaporated,  and  the  sugar  remains  in 
the  form  of  a yellow  transparent  mass,  intensely  sweet,  and  easily  soluble 
in  alcohol  and  water:  it  is  characterized  by  its  tendency  to  combine  with 
acids,  bases,  and  salts.  With  acids  it  forms  difficultly  soluble  com- 
pounds. Sulphate  of  glycyriiizin  is  tough,  and  sweet  without  acidity;  it 
dissolves  in  boiling  water,  and  gelatinizes  on  cooling:  its  alcoholic  solu- 
tion is  not  precipitated  by  water.  Acetate  of  glycyriiizin  resembles  the 
sulphate,  but  is  more  soluble,  and  forms  a stiffer  jelly.  Glycyrrhizin 
combines  with  bases,  and,  when  digested  with  alkaline  carbonates,  gra- 
dually displaces  carbonic  acid,  and  forms  soluble  compounds,  which  are 
not  decomposed  by  carbonic  acid.  It  occasions  precipitates  in  most 
metallic  salts.  An  analogous  sugar  has  been  found  in  the  leaves  of  the 
Abrus  precatorius , and  in  the  root  of  the  Polypodium  vulgare.  (Berzelius.) 

Mushroom  Sugar  was  discovered  by  Braconnot  in  several  species  of 
agaricus , and  other  fungi , and  by  Schrader  in  morels.  ( Helvetia  mitra.) 
It  is  obtained  by  triturating  the  fungus  Avith  a little  \\rater,  pressing  it, 
and  evaporating  the  expressed  liquid  nearly  to  dryness:  the  dry  residue 
is  digested  in  alcohol,  and  the  solution  yields  crystals  of  the  sugar  on 
evaporation ; they  are  square  prisms,  colourless  when  pure,  slightly 
SAAreet,  and  less  soluble  than  cane-sugar.  Concentrated  sulphuric  acid 
forms  AATith  it  a red  solution,  from  which  a Avliite  coagulum  separates  on 
the  addition  of  water. 
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§ Y.  Starch  and  its  Varieties.  Inulin.  LiciieNin,  etc. 

Starch,  or  Fecula , may  be  separated  from  a variety  of  vegetable  sub- 
stances ; it  is  contained  in  the  esculent  grains  and  other  seeds , in  many 
roots , in  the  stems  of  several  species  of  palms , (seldom  in  those  of 
dicotyledonous  plants,)  and  in  different  lichens.  The  process  for  ob- 
taining it  consists  in  diffusing  the  powdered  or  bruised  grain  or  seed,  or 
the  rasped  root  or  stem,  in  cold  water,  which  becomes  white  and  turbid ; 
the  grosser  parts  may  be  separated  by  a strainer,  and  the  milky  liquor 
which  passes,  deposits  the  starch,  which  is  to  be  washed  in  cold  water, 
and  dried  in  a gentle  heat. 

Common  Starch  may  be  obtained  by  steeping  the  grain  containing  it  in 
water  till  it  becomes  soft ; then  putting  it  into  coarse  linen  bags,  and  press- 
ing them  in  vats  of  water:  a milky  juice  exudes,  and  the  starch  falls  to  the 
bottom  of  the  vat.  The  supernatant  liquor  undergoes  a slight  fermenta- 
tion, and  a portion  of  alcohol  and  acetic  acid  is  formed,  which  dissolves 
some  impurities  in  the  deposited  starch;  it  is  then  collected,  washed,  and 
dried  in  a moderate  heat.  The  greater  part  of  the  starch  employed  in 
this  country,  is  made  in  or  near  London.  It  may  be  obtained  from  the 
meal  or  flour  of  wheat,  rye,  or  other  grain,  or  from  potatoes*,  and  other 
farinaceous  roots,  but  the  starch  commonly  sold  is  almost  exclusively 
made  from  wheat-meal.  The  process  consists  in  disengaging  the  fecula 
and  other  parts  of  the  grain  from  the  gluten,  by  fermentation  and  re- 
peated washing.  The  wheat,  coarsely  ground,  is  put  into  a vat  with  a 
sufficient  quantity  of  cold  water,  in  which  it  lies  and  ferments,  some- 
times seven  or  eight  days,  and  at  others  longer,  according  as  it  may  be 
wanted,  or  as  the  weather  promotes  or  retards  fermentation.  When  the 
fermentation  is  over,  which  is  known  by  the  starch  settling  at  the  bottom 
of  the  vat,  the  whole  is  taken  out  by  small  quantities  at  a time,  and  put 
into  hair-sieves  and  washed  with  water,  which  separates  the  bran  from 
it,  the  fine  parts  running  through  the  sieve  with  the  water  into  shallow 
tubs,  or  vessels,  called  frames.  The  fermentation  becomes  acetous,  and 


* Potato  starch  is  obtained  by  reducing 
potato  to  a pulp,  and  washing  it  with 
cold  water  upon  a sieve;  the  fecula  is 
deposited  in  the  form  of  a white  powder, 
denser  than  common  starch,  and  exhi- 
biting larger  spherules  under  the  micro- 
scope, but  possessed  of  its  essential  cha- 
racters. According  to  Dr.  Pearson 
(Repertory  of  Arts,  iii.,  383),  100  parts  of 
fresh  potato,  deprived  of  skin,  contain 
water  08  to  72,  and  meal  32  to  28.  The 
meal  consists  of  starch  15  to  17,  fibrous 
matter  8 to  9,  mucilage  5 to  0. 

Lampadius  has  also  analyzed  several 
varieties  of  the  potato.  (An.  ofPhil.v.  39.) 

Sago,  Tapioca , and  Cassava,  are  also 
varieties  of  starch.  Sago  is  produced, 
not  from  the  Cycas  circinalis,  nor  indeed 
from  any  species  of  Cycas,  but  from  true 
palms  of  the  genus  Sagus , and  of  at  least 


two  species,  the  Sagus  genuina  (Rum- 
pliius),  and  Sagus  farinifera  (Lamarck.) 
See  Hooker  and  Hamilton,  in  Curtis’s 
Botanical  Magazine , vol.  lv.,  or  N.  S , 
vol.  ii..  Plates  2826,  2827. 

The  pith  of  these  palms  is  mixed  with 
cold  water,  and  the  starchy  deposit 
graimlated  and  dried : its  colour  depends 
upon  the  heat  at  which  it  has  been 
desiccated.  Though  Sago  possesses  the 
leading  character  of  starch,  that  of  pre- 
cipitating iodine  blue,  it  differs  from 
common  starch  by  its  solubility  in  cold 
water.  (Caventou.) 

Tapioca  and  Cassava  are  prepared 
from  an  American  plant,  the  Iatropha 
maniliot,  the  milky  juice  of  which  is 
poisonous,  but  diffused  through  water 
deposits  a harmless  starch,  nearly  allied 
to  sago. 
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what  runs  through  the  sieves  contains  the  starch  suspended  in  a very 
foul  acid  liquor,  called  sour  water.  In  about  two  days  after  this  opera- 
tion, the  starch  settles  at  the  bottom  of  the  frames,  the  sour  water  is  then 
drawn  off,  and  the  dirty  discoloured  part,  which  is  the  last  that  subsides,  and 
therefore  is  at  the  top,  is  scraped  off ; the  surface  of  the  remaining  starch 
is  then  washed,  till  it  is  nearly  free  from  the  mucilaginous  sediment. 
The  top,  ofllled  dimes,  is  put  into  another  frame  or  tub,  and  treated 
similarly,  to  obtain  the  starch  from  it.  The  starch  is  stirred  with  fresh 
water  and  strained  through  a finer  sieve  into  another  frame  or  tub,  when, 
being  nearly  cleansed  of  its  impurities,  it  is  called  a green  water.  In 
two  or  three  days  the  starch  settles  at  the  bottom  of  the  frame  or  tub, 
where  it  is  kept  till  it  is  either  washed  again,  or  boxed.  If  it  is  washed 
again,  in  the  manner  above  described,  the  part  washed  off  is  called  a 
white  water , instead  of  a slime ; the  other  part  being  still  called  a green 
water.  The  starch,  being  sufficiently  pure  and  settled,  is  taken  out  of  the 
frames  or  tubs,  and  put  into  oblong  boxes,  about  five  feet  long  and  one 
broad,  with  holes  in  the  bottom  and  lined  with  linen  cloth,  to  drain  and 
harden,  where  it  soon  becomes  solid  enough  to  be  cut  into  square  lumps : 
it  is  then  turned  out  of  the  boxes  and  laid  upon  bricks  (which  absorb  the 
moisture,)  for  two  or  three  days  to  dry.  When  sufficiently  hard,  the 
pieces  are  put  into  the  stove , a square  building  fitted  up  with  racks,  on 
every  side,  at  proper  distances  for  receiving  the  pieces,  and  heated  from 
below.  Here  they  remain  in  a moderate  heat  for  about  two  days,  till  a 
slimy  crust  forms  on  the  surface.  When  taken  out  of  the  stove,  the  4 
crusted  part  is  carefully  scraped  off,  and  the  remainder,  which  is  now 
perfect  starch,  is  papered,  labelled,  and  stamped,  and  placed  again  in  the 
stove,  with  a good  fire,  for  about  three  days,  till  quite  dry.  During  this 
drying  the  lumps  crack  pretty  uniformly  into  the  small  pieces,  in  which 
they  appear  when  sold.  The  slimes  and  white  waters  are  treated  in  the 
same  way,  till  all  the  starch  is  got  from  them,  and  boxed,  drained,  and 
dried,  as  before.  (See  the  Eighth  Report  of  the  CommissioJi  of  Excise 
Inquiry , 1834.) 

Pure  starch , from  whatever  source  it  is  obtained,  is  a white  substance, 
of  a specific  gravity  about  1.5,  insoluble  in  cold  water,  but  readily 
soluble*  at  a temperature  between  160°  and  180°.  Its  solution  is  gela- 
tinous, and  by  careful  evaporation  yields  a substance  resembling  gum  in 
appearance,  which  is  a compound  of  starch  and  water.  Starch  is  insoluble 
in  alcohol  and  in  ether,  and  occasions  no  precipitate  in  the  greater 
number  of  metallic  solutions ; in  solution  of  subacetate  of  lead,  how- 
ever, it  occasions  a copious  precipitate.  The  most  characteristic  property 


* I have  used  the  term  solution  of 
starch,  as  applicable  to  the  ordinary 
appearances  that  ensue,  hut  Itaspail  has 
shown  that  the  varieties  of  starch  con- 
sist of  small  brilliant  spherules,  each  of 
which  has  a coating  less  soluble  than  its 
interior ; that  heat  bursts  these,  and  lets 
out  their  contents,  which  consist  of  a 
gum-like  substance  (called  by  Biot, 
dextrine  ?)  the  term  amidine  has  also  been 
applied  to  it.  The  different  varieties  of 


starch  may,  it  is  said,  be  discriminated, 
by  their  microscopic  characters.  Berze- 
lius says,  that  the  action  of  hot  water 
upon  starch  is  not  a true  solution,  but 
a swelling  up  or  gelatinization  of  the 
starch,  and  that  only  a small  portion  is 
actually  dissolved  : but,  in  reference  to 
the  general  chemical  agencies  of  starch, 
it  will  not  be  necessary  to  enter  into 
these  distinctions. 
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of  starch  is  that  of  forming  a blue  compound  with  iodine ; it  may  be 
obtained  by  adding  an  aqueous  solution  of  iodine  to  a dilute  solution  of 
starch.  (See  p.  341.)  Starch  absorbs  chlorine,  becoming  semifluid,  brown, 
and  sour,  and  evolving  carbonic  and  muriatic  acid. 

When  a decoction  of  starch  (it  should  be  pure  and  free  from  gluten,) 
is  kept,  in  or  out  of  the  contact  of  air,  for  six  or  eight  weeks,  water 
being  occasionally  added  to  prevent  desiccation,  and  the  temperature 
between  60°  and  80°,  a portion  of  sugar  is  gradually  formed  in  it.  (Saus- 
sure,  Ann.  de  Chim.  et  Phys .,  xi.,  379.)  The  following  table  shows  more 
explicitly  the  nature  of  these  changes  *. 


A. 

B. 

c. 

D, 

E. 

F . 

Sugar  ..... 

37-00 

47.4  . 

49.7 

. 35.4  . 

30.4 

1.00 

Gum  ..... 

10.00 

23.0  . 

9.7 

. 17.5  . 

17.2 

. 0.36 

Amidine  .... 

14.30 

8.9  . 

5.2 

. 18.7  . 

17-0 

1.00 

Starch  ..... 

5.83 

4.0  . 

3.8 

. 9.4  . 

9.3 

. 98.00 

Ligneous  starch  . . 

10.53 

10.3 

9.2 

. 7-0  . 

4.4 

Carbonaceous  lignin 

trace 

trace 

0.3 

trace 

0.2 

Soft  resin  .... 

0.30 

loss  6.0 

77-96 

93.6 

77-9 

94.0 

78.5 

100.36 

a,  is  the  composition  of  the  residue  of  100  parts  of  wheat-si  arch  made 
into  a paste  with  1200  of  water,  and  left  in  a covered  but  not  air-tight 
saucer  for  two  years ; a gray,  mouldy,  inodorous,  semifluid  paste,  not  acid, 
remained,  which,  dried  at  212°,  yielded  the  above  results,  b is  a similar 
experiment,  in  which  the  starch-paste  was  kept  for  thirty-eight  days,  in 
a well-corked  phial  containing  a little  air.  c the  same  as  b,  but  air  freely 
admitted.  D,  a similar  paste  of  potato-starchy  left  for  forty-two  days  in  a 
bottle,  with  a tube  cemented  into  it  for  carrying  off*  gas ; a little  hydrogen 
and  carbonic  acid  were  evolved,  e the  same  as  d,  but  freely  exposed. 
F,  the  starch-paste  as  above,  left  for  forty  days  in  a glass  vessel  filled 
with  carbonic  acid.  The  term  amidine , in  the  above  table,  is  applied  “ to 
a substance  intermediate  between  gum  and  starch and  ligneous  starch 
to  a product  insoluble  in  boiling  water  and  in  many  acids,  but  still  becom- 
ing purple  with  iodine.  The  carbonaceous  lignin  gives  a brown  colour 
to  the  respective  solutions.  The  influence  of  carbonic  acid  in  preventing 
the  decomposition  of  starch  is  strikingly  shown  by  the  contents  of  the  last 
column.  If  gluten  be  present,  starch  begins  to  pass  into  sugar  in  a few 
hours  t. 


* The  facility  with  which  sugar  is 
sometimes  formed  is  shown  in  the  change 
which  the  pulp  of  many  apples  under- 
goes when  exposed  to  air,  becoming 
brown,  and  at  the  same  time  much 
sweeter.  This  character  belongs  to  the 
apples  which  are  preferred  for  cyder , and 
is  obvious  by  the  rapid  alteration  of 
colour  which  they  exhibit  when  cut 
through  so  as  to  expose  the  interior. 

y The  change  of  starch  into  sugar  is 
always  observed  during  the  germination 
of  seeds,  and  in  the  process  of  malting  a 
similar  conversion  is  effected.  (See  page 
870.) 


Malt  is  barley  which  has  been  made 
to  germinate  to  a certain  extent,  after 
which  the  process  is  stopped  by  heat. 
The  barley  is  steeped  in  cold  water,  and 
is  then  made  into  a heap,  or  couch , upon 
the  malt-floor:  here  it  absorbs  oxygen, 
and  evolves  carbonic  acid ; its  tempera- 
ture augments,  and  then  it  is  occasionally 
turned,  to  prevent  its  becoming  too 
warm.  In  this  process  the  radicle 
lengthens,  and  the  plume , called  by  the 
maltsters  acrospire,  elongates  ; and  when 
it  has  nearly  reached  the  opposite  ex- 
tremity of  the  seed,  its  further  growth  is 
arrested  by  drying  at  a temperature 
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The  dilute  acids  dissolve  starch,  and  the  solution,  by  continued  boiling, 
yields  gum  and  sugar.  The  conversion  of  starch  into  sugar  by  these 
means  was  discovered  by  Kirchoff,  of  Petersburgh,  not  accidentally,  but 
iu  consequence  of  Napoleon’s  exclusion  of  colonial  produce  from  Russia, 
during  the  enforcement  of  what  was  termed  the  Continental  System:  his 
ingenuity  was  rewarded  by  the  Emperor  of  Russia,  with  an  annuity  of 
1000  rubles.  Ilis  method  consisted  in  boiling  with  very  dilute  sulphuric 
acid.  A pound  of  starch  may  be  digested  in  six  or  eight  pints  of  distilled 
water,  rendered  slightly  acid  by  two  or  three  drachms  of  sulphuric  acid. 
The  mixture  should  be  simmered  for  a few  days,  fresh  portions  of  water 
being  occasionally  added  to  compensate  for  the  loss  by  evaporation. 
After  this  process,  the  acid  is  saturated  by  a proper  proportion  of  chalk, 
and  the  mixture  filtered  and  evaporated  to  the  consistence  of  syrup ; its 
taste  is  sweet,  and,  by  purification  in  the  usual  way,  it  affords  granular 
sugar.  Dr.  Tuthill  digested  a pound  and  a half  of  potato  starch  (obtained 
from  about  9 pounds  of  potatoes)  in  a mixture  of  6 pints  of  distilled 
water,  and  a quarter  of  an  ounce  (by  weight)  of  sulphuric  acid,  at  a 
boiling-heat ; the  mixture  was  afterwards  stirred,  and  fresh  water  occa- 
sionally added  to  supply  loss  by  evaporation.  After  thirty-four  hours  an 
ounce  of  powdered  charcoal  was  added,  and  the  boiling  resumed  for  two 
hours.  The  acid  was  then  carefully  saturated  by  lime,  and  the  boiling 
continued  for  half  an  hour,  when  the  liquor  was  strained  through  calico. 
The  insoluble  residue,  after  having  been  washed  and  dried,  consisted  of 
charcoal  and  sulphate  of  lime.  The  filtered  liquor  was  evaporated  to  the 
thickness  of  syrup;  and  being  set  aside,  became,  in  eight  days,  a crystal- 
lized mass,  resembling  brown  sugar  and  treacle.  The  sugar  weighed  one 
pound  and  a quarter.  One  pound  of  it,  fermented  in  the  usual  way, 
afforded,  on  distillation,  14  drachms  of  proof-spirit.  (Nicholson  s Journal, 
xxxiii.)  MM.  de  la  Rive  and  Saussure  have  shown  that  the  contact  of 
air  is  unnecessary  in  the  above  process;  that  no  part  of  the  acid  is  decom- 
posed, no  gas  evolved,  and  that  the  actual  sugar  obtained  exceeds,  by 
about  one-tenth,  the  original  weight  of  the  starch.  Hence  Saussure  con- 


slowly  elevated  to  150°  or  more.  The 
malt  is  then  cleansed  of  the  rootlets. 
According  to  Dr.  Thomson,  barley  loses 
about  8 per  cent,  by  converting  it  into 
malt,  of  which 

1.5  is  carried  off  by  the  steep-water. 
3.0  dissipated  on  the  floor, 

3.0  roots  separating  by  cleansing, 

0.5  waste. 


8.0 

The  following  are  his  comparative 
analyses  of  unmalted  and  malted  barley, 
showing  the  changes  which  have  taken 
place  in  the  operation. 

Gum  ....  5 ...  14 

Sugar  ...  4 ...  16 

Gluten  ...  3 . . . 1 

Starch  ...  88  ...  69 


According  to  Proust  (Ann.  de  Chim.  ct 
Phys.,  v.,  337),  barley  also  contains  a 
peculiar  substance,  insoluble  in  hot  water, 
which  he  calls  hordcin , and  which,  during 
malting,  is  diminished  in  quantity,  and 
converted  into  sugar  or  starch.  Hitherto 
hordein  appears  to  have  been  confounded 
with  starch.  The  following  are  his  com- 
parative analyses : — 

I n 100  of  Barley.  In  100  of  Malt. 


Resin  ....  1 1 

Gum  ....  4 15 

Sugar  ....  5 15 

Gluten  ...  3 1 

Starch  ...  32  56 

Hordein  . . 55  12 


100  100 


The  starch  of  malt  also  differs  in  some 
of  its  properties  from  that  of  barley. 


100  barley  100  malt. 
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eludes  that  the  conversion  of  starch  into  sugar  depends  upon  the  solidi- 
fication of  water,  a conclusion  borne  out  by  the  comparative  analyses. 
According  to  Kirchoff,  nitric,  muriatic,  and  oxalic  acids  may  be  substi- 
tuted in  the  above  process  for  sulphuric ; but  phosphoric,  tartaric,  and 
acetic  acids,  are  ineffective.  The  actual  nature,  however,  of  the  change 
is  not  satisfactorily  understood,  and  the  experiments  showing  that  starch 
passes  into  sugar  without  the  intervention  of  any  acid  whatever,  render 
these  results  doubtful.  I shall  afterwards  have  occasion  to  notice  an 
analogous  conversion  of  wood  into  gum-sugar. 

A true  crystallizable  compound  of  starch  and  sulphuric  acid  may  be 
obtained  by  dissolving,  in  a gentle  heat,  one  part  of  starch  in  three  of 
sulphuric  acid,  previously  diluted  with  thirty-six  parts  of  water,  and 
mixing  the  solution  with  alcohol,  which  throws  down  a precipitate  com- 
posed of  starch  and  sulphate  of  starch  ; when  washed  with  alcohol,  dis- 
solved in  a small  portion  of  water,  and  left  to  spontaneous  evaporation, 
acicular  crystals  of  sulphate  of  starch  are  formed,  from  which  the  free 
acid,  contained  in  the  mother-liquor,  may  be  washed  with  alcohol.  These 
crystals  are  not  perfectly  soluble  in  water  without  slight  decomposition. 
(Saussure,) 

Concentrated  sulphuric  acid  converts  starch  into  a black  magma,  with 
the  evolution  of  sulphurous  acid:  when  water  is  added,  more  or  less 
carbon  is  thrown  down.  Nitric  acid  easily  dissolves  starch  when  warm, 
and  converts  it  into  malic  and  oxalic  acids,  without  a trace  of  mucic  acid. 
Muriatic  acid  forms  with  starch  a solution,  which,  if  evaporated,  becomes 
thick  and  brown.  (Berzelius.) 

With  the  fixed  alkalis  starch  forms  more  decided  compounds  than 
with  the  acids.  With  caustic  potassa  it  produces  a combination  soluble 
in  water  and  in  alcohol,  from  which  acids  separate  the  starch.  Potato- 
starch  is  more  readily  dissolved  by  the  alkalis  than  wheat-starch.  Lime 
and  baryta  form  with  starch  insoluble  compounds,  which  fall  when  a 
solution  of  starch  is  added  to  lime  or  baryta-water.  When  a boiling 
solution  of  starch  is  mixed  with  subacetate  or  subnitrate  of  lead,  a white 
curdy  compound  falls,  and  the  subsalt  becomes  neutral.  The  precipitate 
consists,  according  to  Berzelius,  of  72  starch  -f  28  oxide  of  lead.  None 
of  the  combinations  of  starch  with  the  salts  are  interesting  or  important. 
It  exerts,  however,  according  to  Vauquelin,  an  evident  solvent  power  over 
phosphate  of  lime.  According  to  Pose,  the  presence  of  starch  prevents 
the  precipitation  of  oxide  of  iron  by  the  alkalis. 

Starch  combines  with  tannin,  and  the  compound  is  best  obtained  by 
filtering  a hot  solution  of  starch  in  infusion  of  galls;  as  it  cools,  the 
tannate  of  starch  falls.  It  is  thrown  down  when  a strong  infusion  of 
galls  is  mixed  with  one  of  starch,  but  the  precipitate  dissolves  on  the 
application  of  heat.  Starch  is  not  thus  precipitated  by  all  the  varieties 
of  tannin,  nor  does  it  apparently  combine  with  artificial  tannin. 

When  starch  is  heated  to  212°,  it  loses  a little  in  weight  from  the 
loss  of  water,  not  combined,  but  adhering,  for  starch  is  anhydrous.  At  a 
somewhat  higher  temperature  it  becomes  pale-brown,  modified  in  solu- 
bility, acquires  a slight  odour,  and  is  converted  into  the  amidin  of  some 
chemists.  When  heated  till  vapour  rises  from  it,  and  it  acquires  a decided 
brown  tinge,  it  is  converted  into  a modification  of  gum,  becoming  soluble 
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iii  cold  and  hot  water,  and  losing  its  gelatinous  character.  Instead  of 
blue,  iodine  gives  it  a dingy  purple  tint.  Starch  thus  altered  by  roasting, 
is  known  in  commerce  under  the  name  of  British  gum , and  is  often  used 
as  a substitute  for  gum  avabic,  in  the  processes  of  calico-printing,  and  for 
stiffening  different  goods.  According  to  F,  Marcet  the  ultimate  com- 
ponents  of  torrefied  starch  are  carbon  35.7,  hydrogen  6.2,  oxygen  58.1. 

The  ultimate  Analysis  of  Starch,  regarding  it  as  a compound  of 
carbon  and  the  elements  of  water,  {COLT  - \-(ff)  has  been  variously  repre- 
sented in  reference  to  its  proximate  equivalents,  and  till  this  is  more 
accurately  determined,  the  probable  composition  of  the  atom  of  starch 
must  remain  doubtful.  If  the  amylate  of  lead  be  regarded  as  a compound 
of  3 atoms  of  starch  and  1 atom  of  oxide  of  lead,  the  number  96  will  he 
the  equivalent  of  starch,  and  it  will  consist  of 

Gay-Lussac 

and  Thenard.  Prout.  Berzelius. 

7 . . 42  . . 43.75  . . 43.55  . . 42.80  . . 44.250 

6 . . 6 . . 6.25  . . 6.77  • • 6.35  . . 6.674 

6 . . 48  . . 50.00  . . 49.68  . . 50.85  . . 49.076 

1 96  100.00  J 00.00  100.00  100.000 


Carbon  . . 
Hydrogen  . 
Oxygen  . . 


The  following,  in  other  terms,  are  the  comparative  results  of  the 
ultimate  analysis  of  three  varieties  of  starch,  dried  at  212°*. 


Carbon 

Water 


Wheat  Starch.  Arrow-root. 

. . 42.80  . . 44.40 

. . 57.20  . . 55.60 


Potato  Siarch. 

44.25 

55.75 


100.00 


100.00  100.00 


* Dr.  Prout,  referring  to  the  identity 
in  composition  between  the  sugar  of 
honey  and  arrow-root  under  the  ordinary 
circumstances  of  the  atmosphere,  infers 
that  differences  exist  among  the  varieties 
of  amylaceous  principles  analogous  to  ! 
those  existing  among  sugars ; or,  in  other 
words,  that  there  are  low  starches  as  well 
as  low  sugars ; wlieat-starch  he  places  at 
the  head  of  the  starches,  and  considers 
arrow-root  as  the  lowest  variety.  u Whe- 
ther arrow-root,”  he  observes,  cc  be  the 
lowest  that  exists,  I am  unable  to  say; 
but  I have  met  with  none  lower;  and 
have  reason  to  believe  that  the  greater 
portion  of  the  other  varieties  of  the 
amylaceous  principle  known  to  exist, 
like  the  varieties  of  sugar  above  given, 
are  intermediate  in  their  composition 
between  arrow-root  and  wheat-starch. 

“ The  identity  of  composition  between 
wheat-starcli  and  cane-sugar,  and  be- 
tween the  sugar  of  honey  and  arrow- 
root,  seems  to  show  that,  though  these 
bodies  are  not  actually  capable  of  as- 
suming the  crystalline  form,  yet  the 
original  tendency  among  their  essential 
elements  to  combine  in  certain  propor- 
tions (and  perhaps  to  assume  certain 


forms)  still  continues  to  operate,  though 
in  a mitigated  degree,  and  thus  to  exert, 
as  it  were,  a feeble  nisus,  or  endeavour 
toward  the  maintenance  of  certain  defi- 
nite modes  of  existence.” 

In  reference  to  what  are  usually  called 
the  extraneous  or  foreign  ingredients  of 
certain  vegetable  principles,  Dr.  Prout 
has  the  following  remarks : — 

u It  has  been  known  from  the  very 
infancy  of  chemistry,  that  all  organized 
bodies,  besides  the  elements  of  which 
they  are  essentially  composed,  contain 
minute  quantities  of  different  foreign 
bodies,  such  as  the  earthy  and  alkaline 
salts,  iron,  &c.  These  have  been  usually 
considered  as  mere  mechanical  mixtures 
accidentally  present;  but  I can  by  no 
means  subscribe  to  this  opinion.  Indeed, 
much  attention  to  this  subject  for  many 
years  past,  has  satisfied  me  that  they 
perform  the  most  important  functions : 
in  short,  that  organization  cannot  take 
place  without  them.  This  point  will  be 
more  fully  investigated  hereafter : at 
present  it  is  sufficient  merely  to  observe, 
that  many  of  those  remarkable  changes 
Avhich  crystallized  bodies  undergo  on 
becoming  organized,  are  more  apparent 
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Inulin.  This  modification  of  starch  was  discovered  in  1804,  by  V, 
Rose,  in  the  root  of  the  Inula  helenium  : it  has  been  found  by  Payen 
(Ann.  de  Chun,  el  Phys .,  xxvi.  102,)  in  the  tubers  of  the  Dahlia,  and  also 
in  other  plants,  so  that  a variety  of  names  have  been  given  to  it  in 
reference  to  its  sources,  such  as  Dahline , Menyanthine , Datiscin , &c. 
Rose  obtained  it  in  the  form  of  a white  precipitate,  deposited  during  the 
cooling  of  a strong  decoction  of  elecampane  root.  Payen  procured  it 
from  the  grated  root  of  the  Dahlia,  which  was  first  washed  with  cold 
water,  then  boiled  with  the  addition  of  a little  chalk,  strained,  and 
filtered  through  charcoal,  and  clarified  by  white  of  egg : it  was  then 
evaporated  till  a pellicle  formed  upon  the  surface  : during  cooling  the 
inulin  was  deposited,  to  the  amount  of  10  per  cent,  of  the  original  root. 
The  expressed  juice  of  the  potato  also  yields  a little  inulin  (about  3 per 
cent.')  when  evaporated. 

Inulin  is  purified  by  dissolving  it  in  hot  water,  and  cooling  the  solu- 
tion, when  it  is  deposited  in  the  form  of  a white  insipid,  inodorous, 
crystalline  powder,  specific  gravity  1.356.  Heated  a little  above  212°, 
it  loses  water  and  fuses.  Iodine  renders  it  yellow.  It  is  insoluble  in 
cold,  but  sparingly  soluble  in  boiling  alcohol : dilute  acids  dissolve  it, 
and  readily  convert  it,  by  boiling,  into  gum  and  sugar.  In  other  respects 
also,  it  is  analogous  to  common  starch. 

Lichen  Starch  ; Liciienin.  Most  lichens  contain  a species  of 
starch : it  may  be  obtained  from  the  Lichen  islandicus  as  follows  : — it  is 
cut  into  shreds,  and  infused  in  about  18  parts  of  cold  water,  to  which 
carbonate  of  potassa  is  added  in  the  proportion  of  120  grains  to  each 
pound  of  moss.  After  24  hours  the  moss  is  drained  upon  a sieve,  (not 
pressed ,)  and  thoroughly  edulcorated  by  cold  water : it  is  then  boiled  in 
9 pints  of  water  down  to  6,  and  the  decoction  strained  and  squeezed  out 
whilst  hot.  The  strained  liquor,  at  first  clear  and  colourless,  becomes,  on 
cooling,  a gray  opaque  jelly,  which,  if  suspended  in  a cloth,  or  dried  on 
blotting-paper,  becomes  hard  as  it  dries,  and  of  a dark  colour.  Redis- 
solved in  boiling  water,  it  may  be  again  gelatinized.  It  is  tasteless, 
insoluble  in  alcohol  and  ether,  contains  no  nitrogen,  and  yields  on 
destructive  distillation  the  same  products  as  potato-starch.  It  is  only 
slightly  soluble  in  cold  water,  and  when  long  and  repeatedly  boiled,  it 
loses  its  property  of  gelatinizing.  Iodine  renders  it  dingy  green.  The 
dilute  acids  prevent  its  gelatinization,  and  gradually  change  it  into  gum 
and  sugar.  It  is  copiously  precipitated  by  subacetate  of  lead,  but,  in 
other  respects,  resembles  common  starch. 


than  real ; that  is  to  say,  their  chemical 
composition  frequently  remains  essen- 
tially the  same;  and  the  only  point  of 
difference  that  can  be  traced,  is  the  pre- 
sence of  a little  more  or  less  of  water,  or 
the  intimate  mixture  of  a minute  portion 
of  some  foreign  fixed  body.  There  is  no 
term  at  present  employed  which  ex- 
presses this  condition  of  bodies,  and 
hence,  to  avoid  circumlocution,  I have 
provisionally  adopted  the  term  meror- 
ganized  , Ctpos,  pars  vel  partim ,)  mean- 
ing to  imply  by  it,  that  bodies  on  passing 


into  this  state  become  partly,  or,  to  a 
certain  extent,  organized.  Thus  starch 
I consider  , as  merorganized  sugar,  the 
two  substances  having,  as  we  shall  see 
presently,  the  same  essential  composi- 
tion, but  the  starch  differing  from  the 
sugar  by  containing  minute  portions  of 
other  matters,  which,  we  may  presume, 
prevent  its  constituent  particles  from 
arranging  themselves  in  the  crystalline 
form,  and  thus  cause  it  to  assume  totally 
different  sensible  properties.” 
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Uses  of  Starch.  Wheat-starch  is  employed  for  stiffening  various 
fabrics,  and  articles  of  wearing  apparel*.  In  applying  it  to  muslin,  the 
addition  of  borax  or  of  phosphate  of  soda  or  ammonia,  would  at  the 
same  time  render  it  so  far  incombustible,  as  to  prevent  burning  with 
flame,  and  obviate  the  accidents  that  so  frequently  ensue  from  that 
cause.  A little  smalt,  prussian-bluc,  or  indigo,  is  generally  added  to 
starch  to  cover  its  yellowish  hue,  and  to  render  it  more  effective  in 
overcoming  the  tinge  that  linen  and  cotton  acquire  when  long  worn.  In 
this  country,  the  consumption  of  starch,  though  considerable,  is  trifling 
compared  with  that  in  Holland  and  some  other  parts  of  the  continent 
of  Europe,  where  stiffly-starched  caps  and  gauzes  are  much  worn  by  the 
lower  orders : since  the  abolition  of  the  absurd  custom  of  pow'dering 
the  hair,  there  has  also  been  a great  falling  off  in  the  demand  for 
starch. 

Lozenges,  and  various  articles  of  confectionary,  consist  partly  of 
starch ; and  the  sugar-plums,  sold  in  the  streets,  are  composed  of  the 
refuse  parts  of  the  starch  mentioned  in  describing  its  manufacture,  with 
chalk,  gypsum,  and  other  trash : a spurious  refined  liquorice , is  also  made 
upon  the  same  principle.  Stone-blue , is  a compound  of  indigo  or 
prussian-blue,  and  the  inferior  kinds  of  starch.  Among  the  substances 
used  to  adulterate  starch,  porcelain-clay  was  at  one  time  prevalent. 
Considered  as  an  article  of  food,  as  a part  of  the  diet  of  children  and  of 
invalids,  and  as  a component  of  our  most  nutritious  vegetables,  starch  is 
very  important,  and  several  of  its  varieties,  are  often  resorted  to  medi- 
cinally. But  although  eminently  adapted  to  form  part  of  our  food,  it  is 
not  fitted  for  exclusive  nutriment;  and  this  would  appear  to  be  the  case 
with  all  those  proximate  principles  of  vegetables  which  are  deficient  in 
nitrogen. 

§ VI.  Gluten  and  Albumen. 

Many  plants  contain  a principle  which  resembles  animal  matter,  and 
to  which  the  term  vegelo-animal  matter  was  formerly  applied.  Of  this 
substance  there  are  two  leading  varieties,  which  may  be  distinguished 
by  the  terms  gluten  and  albumen . 

Gluten,  so  termed  from  its  adhesive  character  f , is  found  in  many  of 
the  esculent  seeds,  and  especially  in  wheat , associated  with  albumen  and 
starch.  Its  characteristic  properties  are,  insolubility  in  cold  water,  elas- 
ticity and  adhesiveness  when  moist,  solubility  in  boiling  alcohol,  and  in 


* Potato-starch  is  said  to  he  much 
more  hygrometric  than  wheat-starcli, 
and  goods  which  are  stiffened  with  it, 
are  apt  to  give  in  damp  weather,  and  to 
become  mouldy  if  laid  by. 

fit  is  the  presence  of  gluten  in 
wheaten  flour  that  renders  it  pre-emi- 
nently nutritious,  and  its  viscidity  or 
tenacity  confers  upon  that  species  of 
flour  its  peculiar  excellence  for  the  ma- 
nufacture of  maccaroni,  vermicelli,  and 


similar  pastes,  which  are  made  by  a 
kind  of  wire-drawing,  and  for  which 
the  wheat  of  the  South  of  Europe, 
(more  abundant  in  gluten  than  our  own,) 
is  particularly  adapted. 

The  superiority  of  wheaten  over 
other  bread  depends  upon  the  great 
tenacity  of  its  dough , which,  in  panary 
fermentation , is  puffed  up  by  the  evolved 
carbonic  acid,  and  retained  in  its  vesi- 
cular texture,  so  as  to  form  a very  light 
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some  of  the  acids  and  alkalis : it  is  precipitated  from  some  of  its 
solutions  by  ferrocyanuret  of  potassium,  and  by  infusion  of  galls. 

When  a thick  paste  of  wheaten  flour  is  tied  up  in  a piece  of  coarse 
canvas,  and  washed  and  kneaded  in  water,  till  the  whole  of  the  starch  is 
extricated,  and  the  washings  are  no  longer  milky,  it  leaves  a gray,  viscid, 
adhesive,  and  elastic  substance,  which  consists  of  gluten  and  albumen, 
with  a little  residue  of  starch.  By  boiling  this  substance  in  alcohol,  it  is 
separable  into  a soluble  and  insoluble  portion ; the  soluble  part  is  gluten , — 
the  insoluble,  albumen.  Gluten  is  then  obtained  by  mixing  the  alcoholic 
solution  with  water,  and  distilling  off  the  alcohol : it  separates  in  straw- 
coloured  flocculi,  which  aggregate,  on  stirring  them  together,  into  an  elastic 
mass,  tasteless,  and  of  a peculiar  odour  : exposed  to  air,  it  becomes  super- 
ficially brown  and  glossy,  and  gradually  dries  into  a semitransparent 
horn-like  mass.  If  obtained  by  evaporating  its  alcoholic  solution,  it  is 
yellow,  brittle,  and  transparent.  When  moist  gluten  is  digested  in  acetic 
acid,  the  greater  part  is  dissolved,  but  a peculiar  substance,  particularly 
described  by  Berzelius  ( Lehrbuch ),  remains.  When  the  acetic  solution 
of  gluten  is  evaporated,  it  leaves  a colourless  transparent  residue ; satu- 
rated by  caustic  or  carbonated  ammonia,  a flocculent  precipitate  falls, 
having  all  the  characters  of  the  original  gluten.  When  a solution  of 
gluten  in  acetic  acid,  or  in  alkali,  is  mixed  with  sulphuric,  nitric,  or 
muriatic  acid,  the  gluten  separates  apparently  with  its  original  characters, 
but,  in  fact,  chemically  combined  with  the  precipitant  acid.  Neither 
acetic  nor  phosphoric  acid  precipitate  gluten  from  its  alkaline  solution, 
and  yet  phosphoric  acid  has  no  especial  solvent  power  on  moist  gluten. 
When  the  solution  of  gluten  in  caustic  potassa  is  evaporated  at  a low 
temperature  (below  110°),  a white,  opaque,  and  apparently  neutral  com- 
pound of  gluten  and  potassa  remains.  Caustic  ammonia  has  little  solvent 
power  over  gluten  in  its  ordinary  viscid  state,  but  an  acid  solution  of 
gluten  is  not  permanently  precipitated  by  ammonia.  The  combinations 
of  gluten  with  other  bases  are  insoluble  in  water,,  and  are  precipitated 
when  the  solution  of  gluten  in  potassa  is  mixed  with  the  earthy  or 
metallic  salts.  The  carbonated  alkalis  scarcely  dissolve  gluten,  and 
when  it  is  precipitated  by  them  from  its  acid  solutions,  they  do  not  redis- 
solve the  precipitate.  The  alkaline  and  .acid  solutions  of  gluten,  give  a 
white  precipitate  with  corrosive  sublimate ; and  when  viscid  gluten  is 
put  into  a solution  of  corrosive  sublimate,  it  shrinks,  hardens,  and  loses 
all  tendency  to  putrefy.  An  acetic  solution  of  gluten  is  not  affected  by 
acetate  or  subacetate  of  lead,  or  by  sulphate  of  iron,  but  is  abundantly 
precipitated  by  infusion  of  galls. 

Albumen  is  the  portion  of  the  original  glutinous  residue  of  wheat - 
flour,  which  is  insoluble  in  alcohol ; it  remains  in  the  form  of  a gray 
substance  after  the  extraction  of  the  gluten ; it  is  easily  dried,  and 
becomes  brittle  and  pulverulent.  Taddei  called  this  insoluble  part  of  the 
viscid  gluten  of  wheat,  Zimoma , (from  leaven  or  ferment) ; and  the 
soluble  portion,  which  we  have  above  described  as  gluten , he  called 
Gliadine  (from  glue.)  When  this  form  of  vegetable  albumen  is 

subjected  to  the  action  of  weak  caustic  potassa,  it  swells,  softens  and  dis- 
solves : this  solution,  like  that  of  animal  albumen,  gives  precipitates  with 
most  of  the  earthy  and  metallic  salts,  and  is  not  permanently  precipitated 
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by  phosphoric  or  acetic  acids,  but  the  stronger  acids  coagulate  it.  When 
vegetable  albumen  has  been  dried,  it  is  no  longer  soluble  in  acetic  and 
phosphoric  acids,  but  swells  up  and  becomes  transparent,  and  if  then 
boiled  in  water,  it  increases  in  bulk  and  loses  its  yellow  tint,  but  is  not 
dissolved.  Veg-albumen  is  insoluble  in  carbonated  alkalis ; it  is  preci- 
pitated from  its  solutions  by  carbonate  of  ammonia,  by  ferrocyanuret  of 
potassium,  and  by  tincture  of  galls.  Corrosive  sublimate  throws  it  dowm, 
when  there  is  no  excess  of  acid  present. 

Kirclioff  and  Saussure  have  made  us  acquainted  with  the  remarkable 
action  which  gluten  exerts  upon  starch.  Two  parts  of  starch  are  mixed 
with  4 of  cold  water,  and  gradually  added  to  20  parts  of  boiling  water ; 
a thick  paste  is  formed,  to  which  1 part  of  finely-powdered  gluten  is  added, 
and  the  mixture  kept  six  or  eight  hours  in  a temperature  between  120°  and 
170o;  under  these  circumstances  it  becomes  thin,  clear,  and  sweet;  part 
of  the  starch  is  converted  into  gum  and  sugar,  a little  carbonic  acid  is 
evolved,  but  no  oxygen  absorbed,  and  on  evaporating  to  dryness,  the 
residue  amounts  to  the  joint  weight  of  the  starch  and  gluten  employed. 

Kirclioff  has  shown  that  a small  quantity  of  gluten  is  capable  of  thus 
saccharizing  a large  quantity  of  starch,  and  has  pointed  out  the  applica- 
tion of  this  fact  to  the  production  of  sugar  in  worts  and  wash , and  the 
consequent  formation  of  alcohol  when  such  liquors  are  fermented. 

Gluten  is  a constituent  of  barley  and  rye;  and  a modification  of  it, 
under  the  name  of  legumine , is  found  in  pease  and  beans.  (See  Einhof, 
Berzelius,  and  Braconnot,  Ann.  de  Chim.  et  Phys .,  xxxiv.,  68.)  The 
gluten  of  barley  is  an  important  agent  in  the  change  wdiich  that  grain 
suffers  in  conversion  into  malt,  and  the  action  of  ground  malt  upon  viscid 
starch  is  analogous  to  that  of  gluten.  Payen  terms  the  saccharizing  prin- 
ciple of  malt  or  barley,  diastase , and  regards  it  as  the  agent  by  which 
starch  is  converted  into  sugar  during  the  germination  of  seeds,  and  the 
expansion  of  buds. 

All  seeds  which  form  an  emulsion  with  water,  contain  a principle 
analogous  to,  if  not  identical  with,  albumen : it  has  sometimes  been 
termed  emulsin.  In  almond-emulsion  this  substance  is  mixed  wTith  oil  ; 
it  may  be  separated  by  boiling,  by  which  it  is  coagulated,  and  the  adherent 
oil  may  be  abstracted  either  by  ether,  or  by  absolute  alcohol : the  residue 
is  emulsin.  ( Amygdaline  of  Dobereiner,  Alhumino-caseum  of  Payen  and 
0.  Henry.) 

The  milk  of  the  cow-tree , which  flourishes  in  the  mountainous  regions 
of  Quito  in  America,  and,  according  to  Boussingault  and  Mariano  de 
Rivero,  closely  resembles  cows’  milk  in  taste  and  appearance ; and  the 
milk  of  the  Carica  Papaya , examined  by  Vauquelin,  contain  peculiar 
modifications  of  gluten ; and  the  same  substances  may  be  extracted  from 
other  milky  juices  of  plants,  instances  of  which  will  afterwards  be 
adduced. 

Yeast , which  separates  from  must  and  wort  during  fermentation,  has 
many  of  the  properties  of  gluten. 

All  the  substances  which  have  been  mentioned  in  this  section  are  so 
far  analogous,  that  their  aqueous  solutions  undergo,  under  favourable 
circumstances,  changes  resembling  those  of  putrefying  animal  matter. 
The  plants  which  bear  cruciform  flowers , also  contain  a similar  principle, 
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and  lienee  the  offensive  stench  that  arises  from  them  whilst  rotting  in 
heaps,  and  their  efficacy  as  manures : it  is  apparently  the  presence  of 
nitrogen , as  one  of  the  ultimate  elements  of  these  plants,  that  gives  them 
their  peculiarities,  and  tends  to  the  production  of  ammonia  during  their 
decomposition;  but  the  whole  of  this  subject  has  been  as  yet  only 
imperfectly  investigated.  Gluten  has  been  subjected  to  ultimate  analysis 


with  the  following  results. 

F.  Marcet. 

Zenneck. 

Carbon  ..... 

. 55.7  . • 

45.80 

Hydrogen  .... 

7-8  . . 

3.37 

Oxygen 

, 22.0 

30.33 

Nitrogen  .... 

. 14.5  . . 

20.50 

100.0 

100.00 

Follenin.  The  pollen  of  flowers  contains  a peculiar  vegeto-animal 
principle,  which  was  first  distinguished  by  Fourcroy  and  Vauqueiin  in 
their  examination  of  the  pollen  of  the  date-tree , and  afterwards  by  John 
in  his  analysis  of  the  seeds  of  the  lycopodium , and  of  the  pollen  of  the 
tulip.  It  is  insoluble  in  water,  alcohol,  ether,  oils,  and  alkalis,  and 
highly  inflammable,  so  that  when  thrown  into  a flame  it  burns  with  a 
kindyff  deflagration;  hence  lycopodium  is  used  to  produce  theatrical  light- 
ning, being  much  cleaner  and  more  brilliant  and  rapid  in  its  combustion 
than  resin.  When  pollen  is  digested  in  caustic  potassa,  it  exhales 
ammonia,  and  when  subjected  to  destructive  distillation,  ammonia  is  one 
of  the  products. 

§ VII.  Lignin, 

This  term  is  aptly  applied  to  moody  fibre,  as  it  exists  in  the  ligneous 
parts  of  trees  and  plants;  but  as  with  other  proximate  principles,  there 
are  several  modifications  of  it,  and  although  in  its  ordinary  state  it  appears 
to  be  indigestible,  it  is  easily  modified  by  heat  and  other  agents  so  as  to 
be  converted  into  gum  and  sugar ; and  in  a highly-attenuated  state  of 
organization  it  forms  an  esculent,  and  probably  nutritive  part  of  many 
fruits  and  vegetables.  As  constituting  the  bulk  of  different  woods,  and 
as  forming  vegetable  fibre,  its  applications  in  the  arts  of  life  are  highly 
interesting  and  useful,  its  chemical  properties  therefore  acquire  a propor- 
tionate degree  of  importance. 

The  term  lignin  is  generally  applied  to  the  fibrous  residue  which 
remains  after  the  different  principles  already  enumerated,  and  others, 
afterwards  to  be  described,  are  extracted  by  various  solvents ; hence  inso- 
lubility in  water,  in  alcohol,  and  in  dilute  acids  and  alkalis  is  one  of  its 
more  obvious  characters.  It  is  also  recognised  as  the  most  durable  pro- 
duct of  vegetation,  and  the  extreme  perfection  in  which  it  is  occasionally 
found  in  mummy-cases,  in  ancient  buildings,  as  in  the  piles  of  bridges, 
and  even  in  submerged  forests,  shows  its  power  of  resisting  decay.  When, 
however,  it  is  long  exposed  to  the  joint  energies  of  air  and  moisture,  it 
often  becomes  pulverulent,  acquiring  a brown  or  gray  colour,  as  we 
see  in  the  rotten  wood  of  very  old  trees.  It  is  also  liable  to  more  rapid 
decay  and  disintegration  under  the  influence,  probably,  of  parasitic  plants, 
especially  where  the  place  is  damp,  and  air  imperfectly  admitted,  as  in 
cases  of  what  is  termed  Dry-rot. 
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The  density,  and  other  mechanical  properties  of  wood,  are  very  various  > 
its  texture  is  porous  and  vascular,  and  what  is  usually  termed  Jibrous,  so 
that  it  splits  more  easily  in  one  direction  than  in  another.  In  its  ordi- 
nary state,  exclusive  of  lignin,  it  contains  various  soluble  and  other 
matters,  which  confer  upon  it  various  characters,  as  to  colour,  smell,  taste, 
and  uses,  and  the  proportion  of  these  varies  in  the  same  tree  at  different 
seasons,  and  at  various  periods  of  its  growth.  The  recent  wood  of  trees 
loses  by  drying,  and  hy  the  action  of  ordinary  solvents,  from  1 to  10 
per  cent.  About  95  per  cent,  of  lignin  is  the  average  produce  of  the 
common  woods.  The  apparent  low  specific  gravity  of  wood  is  referable 
to  its  porosity,  the  density  of  lignin,  or  of  wood  free  from  air,  varying, 
apparently,  from  1.4  to  1.58.  There  are  a few  of  the  heaviest  woods, 
such  as  box,  guaiacum,  and  ebony,  which  are,  in  their  ordinary  states, 
denser  than  water. 

Chlorine  gradually  bleaches  lignin,  and  the  varieties  of  wood  and 
woody  fibre  may  in  this  way  be  rendered  perfectly  white,  as  in  the  pro- 
cess for  bleaching  linen  and  cotton,  in  which,  by  the  alternate  action  of 
weak  acids  and  alkalis,  and  exposure  to  light,  air,  and  moisture,  or  hy 
the  occasional  employment  of  chlorine  or  its  compounds,  the  colouring- 
matters  are  gradually  abstracted  or  decomposed.  Concentrated  sulphuric 
acid  gradually  converts  wood  into  a modification  of  gum,  care  being 
taken  to  keep  it  cold;  and  when  diluted  and  boiled,  sugar  is  formed,  as 
observed  in  regard  to  starch,  so  that  linen  rags  maybe  thus  converted  into 
sugar*.  When  sawdust  and  sulphuric  acid  are  heated  together,  a black 
magma  is  produced,  which,  on  dilution  with  water,  deposits  between 
40  and.  50  per  cent,  of  carbonaceous  residue.  Nitric  acid  tinges  wood 
yellow,  and  gradually  disintegrates  and  decomposes  it,  producing  oxalic 
acid.  Paper,  which  is  merely  another  form  of  lignin,  is  gelatinized  by 
cold  sulphuric  acid : cold  nitric  acid  converts  it  also  into  a gelatinous 
pulp,  which  is  sometimes  partially  blued  by  iodine,  and  therefore  appears 
to  contain  starch.  Muriatic  acid  renders  wood  brown  and  black,  but  does 
not  dissolve  or  decompose  it.  The  weak  alkaline  solutions  exert  scarcely 
any  action  on  wood;  but  when  heated  with  caustic  potassa  it  is  changed 
into  a brown  soluble  matter,  which  appears  to  contain  a peculiar  extrac- 
tive matter,  like  ulmin,  and  acetic  acid.  Wood  combines  with  some  of 
the  salts,  and  others  it  decomposes.  It  combines  with  alumina,  when 
steeped  in  solutions  of  alum  or  acetate  of  alumina ; and  when  digested  in 
solution  of  corrosive  sublimate,  a compound  results,  which  resists  decay, 
under  circumstances  tending  to  rot  unprepared  wood.  Sulphate  of  copper, 


* We  are  indebted  to  M.  Braconnot 
for  some  highly-interesting  experiments, 
relating  to  the  action  of  sulphuric  acid 
on  wood.  {Ann.  de  Chim.  et  Phys .,  xii., 
172.)  I11  the  course  of  these  researches, 

he  triturated  25  parts  of  hempen  cloth 
with  34  of  the  acid : it  acquired  the  consis- 
tency of  mucilage,  which,  after  24  hours, 
was  almost  entirely  soluble  in  water. 
The  diluted  liquor  was  saturated  with 
chalk,  filtered,  and  evaporated  to  the 
consistency  of  syrup;  it  deposited  sul- 


phate of  lime,  and  was  then  further 
evaporated  to  dryness,  when  a sub- 
stance, having  the  characters  of  gum, 
was  obtained.  In  another  experiment, 
24  parts  of  lignin  were  reduced  to  gum 
by  34  of  sulphuric  acid ; this  acid  mix- 
ture, diluted  with  water,  and  boiled  for 
10  hours,  became  sweet;  the  acid  was 
then  separated  by  chalk,  and  the  liquor, 
on  due  evaporation,  afforded  a crystal- 
lizable  sugar. 
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sulphate  of  iron,  and  several  other  salts,  appear  capable  of  forming 
analogous  combinations.  It  is  upon  these  attractions  of  woody  fibre  that 
the  art  of  dyeing  and  of  calico-printing  mainly  depend,  for  linen  and  cotton 
are,  as  I have  already  observed,  mere  modifications  of  lignin : paper  also 
is  made  of  linen  or  cotton  rags ; and  hay,  straw,  leaves,  and  shavings 
of  wood  may,  by  proper  means,  be  reduced  to  a pulp  capable  of  being 
formed  into  paper. 

The  action  of  heat  upon  wood,  under  different  circumstances,  is  ex- 
tremely interesting,  as  the  following  outline  of  this  part  of  its  history 
shows.  When  wood  is  thoroughly  dried  at  a temperature  of  about  220° 
it  shrinks  and  splits,  or  if  in  powder  loses  variably  in  weight,  depending 
upon  its  humidity:  it  again  absorbs  moisture  from  the  air.  When  wood 
is  carefully  baked,  so  as  to  become  of  a pale-brown  colour,  it  acquires 
solubility  in  water  to  some  extent,  yielding  a brown  infusion,  which, 
when  carefully  prepared,  tastes  and  smells  like  toast  and  water : and, 
indeed,  under  proper  management,  it  may  be  converted  into  a palatable 
and  nutritious  bread.  Something  of  this  kind  is  used  by  the  peasantry 
of  Norway  and  Sweden ; and  the  following  directions  are  given  for  the 
purpose  by  Professor  Autenrieth  of  Tubingen : he  employed  beech  and 
similar  woods,  destitute  of  turpentine.  “ In  the  first  place,  everything 
that  was  soluble  in  water  was  removed  by  frequent  maceration  and 
boiling.  The  wood  was  then  reduced  to  a minute  state  of  division,  that 
is  to  say,  not  merely  into  fine  fibres,  but  actual  powder ; and  after  being 
repeatedly  subjected  to  the  heat  of  an  oven,  wras  ground  in  the  usual 
manner  of  corn.  Wood  thus  prepared,  according  to  the  author,  acquires 
the  smell  and  taste  of  corn-flour.  It  is,  however,  never  quite  white,  but 
ahvays  of  a yellowish  colour.  It  also  agrees  with  corn-flour  in  this 
respect,  that  it  does  not  ferment  without  the  addition  of  leaven,  and  in 
this  case  sour  leaven  of  corn-flour  is  found  to  answer  best.  With  this  it 
makes  a perfectly  uniform  and  spongy  bread ; and  when  it  is  thoroughly 
baked,  and  has  much  crust,  it  has  a much  better  taste  of  bread  than 
what  in  time  of  scarcity  is  prepared  from  the  bran  and  husks  of  corn. 
Wood-flour  also,  boiled  in  water,  forms  a thick,  tough,  trembling  jelly, 
like  that  of  wheat-starch,  and  which  is  very  nutritious.”  (Prout,  Phil. 
Trans .,  1827-) 

When  wood  is  burned  in  the  air,  it  affords  large  quantities  of  inflam 
mable  gases  which  produce  flame  and  render  it  a valuable  fuel ; and  if 
decomposed  with  a partial  access  of  air  only,  it  leaves  common  charcoal, 
the  relative  proportions  of  which,  as  afforded  by  the  different  kinds  of 
wood,  have  already  been  noticed.  Subjected  to  destructive  distillation  in 
close  vessels,  water , empyreumatic  oil  and  tar , pyroxylic  spirit , and  acetic 
acid , together  with  gaseous  compounds  of  carbon  and  oxygen,  and  carbon 
and  hydrogen,  are  the  results.  These,  and  the  various  products  into 
which  they  are  resolvable,  have  lately  attracted  the  attention  of  several 
chemists,  and  will  require  more  detailed  notice. 

Ultimate  Composition  of  Lignin.  With  regard  to  the  ultimate 
elements  of  lignin,  Gay  Lussac  and  Thenard  first  rendered  it  probable 
that  the  hydrogen  and  oxygen  in  this  princqfle  exist  in  it  in  the  propor- 
tions in  which  they  form  wratei\  The  variety  of  forms  in  which  lignin 
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occurs  in  different  woods  is  so  great  as  to  render  a separate  examination 
of  each  of  them  impossible;  Dr.  Prout,  therefore,  selected  two  for  the 
purpose  of  analysis,  viz .,  the  woods  of  the  Box  and  Willow , which 
appeared  to  present  the  greatest  contrast ; the  one  being  among  the 
densest,  the  other  the  lightest  of  the  woods.  These  were  both  treated 
exactly  in  the  same  manner;  that  is  to  say,  they  were  first  reduced  to  the 
form  of  a coarse  powder  by  rasping,  then  well  pulverized  in  a Wedgwood 
mortar,  and  afterwards  sifted.  Being  by  these  means  reduced  to  the 
form  of  impalpable  powders,  they  were  boiled  in  repeated  portions  of 
distilled  water,  till  that  fluid  came  off  unchanged.  After  this  they  were 
similarly  treated  with  alcohol,  and  finally  again  with  distilled  water. 
They  were  now  exposed  to  the  atmosphere,  when  in  a dry  and  favourable 
state ; and  when  they  ceased  to  lose  weight  were  submitted  to  analysis, 
and  found  to  consist  of  (abstracting  foreign  matters) 


Box.  Willow. 

Carbon  . . 42.7  • • 42.6 

Water  . . 57.3  . . 57.4 


100.0  100.0 


A known  weight  of  each  was  then  exposed  for  twenty-four  hours  to  a 
temperature  of  21 23,  and  afterwards  for  six  hours  longer  (by  means  of 
an  oil-bath)  to  a temperature  between  300°  and  350°;  and  at  the  end  of 
this  time  they  were  found  to  have  lost,  per  cent., 

Box.  Willow. 

14.6  ....  14.4 

Analyzed  in  this  state  of  desication,  they  were  found  to  consist  of 

Box.  Willow. 

Carbon  . . 50.0  . . 49.8 

Water  . . . 50.0  . . . 50.2 

100.0  100.0 

showing  that  the  loss  of  weight  arose  from  the  escape  of  water.  These 
latter  results  nearly  agree  with  those  of  MM.  Gay  Lussac  and  Thenard, 
as  obtained  from  the  analyses  of  the  woods  of  the  Oak  and  Beech , and 
seem  to  show,  beyond  a doubt,  that  the  composition  of  all  of  them  is 
similar,  or  that  they  consist  of  equal  weights  of  carbon  and  water;  to 
which  simple  analogy,  Dr.  Prout  observes,  this  important  principle  pro- 
bably owes  its  stability. 

We  have  no  satisfactory  data  from  which  the  proximate  atomic  weight 
of  wood  can  be  inferred,  so  that  assuming  it  at  its  lowest  equivalent,  it 
may  be  regarded  as  composed  of 


Carbon  . . 

• 3 • • 

18 

. . 50.00 

Prout. 

. . 49.80 

Gay  Lussac 
anil  Thenard. 

51.45 

Hydrogen  . 

.2  . . 

2 

5.56 

. . 5.58 

5.82 

Oxygen  . . 

.2  . . 

16 

. . 44.44 

. . 44.62 

. . 42.73 

1 

36 

100.00 

100.00 

100.00 
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The  Proximate  Vegetable  Principles  now  examined  constitute  the 
principal  nutritive  ingredients  in  vegetable  food,  and  with  the  exception 
of  gluten  and  albumen,  appear  to  be,  in  reference  to  ultimate  composition, 
hydrates  of  carbon. 

The  following  Table,  drawn  up  by  Sir  II.  Davy,  exhibits  the  relative 
proportions  of  soluble  matter  contained  in  1000  parts  of  the  different 
vegetable  substances  enumerated  in  the  first  column  ( Agricultural  Che- 
mistry , 4to.,  p.  131): — The  deficiency  may  be  considered  as  water,  and 
inert  insoluble  substances;  and  the  soluble  matters  may  be  regarded  as 
those  upon  which  the  nutritive  powers  of  the  different  vegetables 
depend. 


VEGETABLES 

01- 

VEGETABLE  SUBSTANCES. 

Whole 
quantity  of 
Soluble  or 
Nutritive 
Matter 

Mucilage 

or 

Starch. 

Saccharine 

Matter  or 
Sugar. 

Gluten 

01- 

Albumen. 

Extract,  or 
matter  render- 
ed insoluble 
during 
evaporation. 

Middlesex  Wheat,  aver,  crop 

955 

765 

190 

— 

Spring  Wheat  .... 

940 

700 

— 

240 

— 

Mildewed  Wheat  of  1806* 

210 

171 

32 

— 

Blighted  Wheat  of  1804  . 

650 

520 

— 

130 

— 

Thick-skinned  SicilianWheat  | 
of  1810 1 

955 

725 

— 

230 

— 

Thin-skinned  Sicilian  Wheat ) 
of  1810 f 

[96  i 

722 

■ — 

239 

■ 

Wheat  from  Poland  . 

950 

750 

, - 

200 

_ 

North  American  Wheat  . 

955 

730 

_ 

225 

— 

Norfolk  Barley  .... 

920 

790 

70 

t 60 

• 

Oats  from  Scotland  . 

743 

641 

15 

87 



Rye  from  Yorkshire 

792 

645 

38 

109 

Common  Beans  .... 

570 

426 



103 

41 

Dry  Pease 

574 

501 

22 

35 

16 

Potatoes  . . . . J 

from  260 

from  200 

from  20 

from  40 

l 

to  200 

to  155 

to  15 

to  30 

Linseed  Cake  .... 

151 

123 

11 

17 

— 

Red  Beet 

148 

14 

121 

14 

— 

White  Beet 

136 

13 

119 

4 

, 

Parsnep 

99 

9 

90 





Carrots 

98 

3 

95 

— — 

— 

Common  Turnips 

42 

7 

7 34 

1 

_ 

Swedish  Turnips 

64 

9 

51 

2 

2 

Cabbage  

73 

41 

24 

8 

« 

Broad-leaved  Clover 

39 

31 

3 

2 

3 

Long-rooted  Clover  . 

39 

30 

4 

3 

2 

White  Clover  .... 

32 

29 

1 

3 

5 

Sainfoin 

39 

28 

2 

3 

6 

Lucerne 

23 

18 

1 

- 

4 

Meadow  Fox-tail  Grass  . 

33 

24 

3 

. 

6 

Perennial  Rye  Grass 

39 

26 

4 

5 

Fertile  Meadow  Grass 

78 

65 

6 

- 

7 

Roughish  Meadow  Grass 

39 

29 

5 

£«— _ _ 

6 

Crested  Dog’s-tail  Grass  . 

35 

28 

3 

--  - 

4 

Spiked  Fescue  Grass 

19 

15 

2 

- 

2 

Sweet-scented  Soft  Grass 

82 

72 

4 

- ■ - 

6 

Sweet-scented  Y ernal  Grass  . 

50 

43 

4 

- - 

3 

Fiorin 

54 

46 

5 

1 

2 

Fiorin  cut  in  Winter 

76 

64 

8 

1 

3 
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§ VIII.  Vegetable  Extract. 

Under  the  term  extract , the  pharmaceutical  chemists  originally  included 
all  substances  capable  of  being  extracted  from  vegetable  products  by 
decoction  in  water,  and  of  being  obtained  in  a solid  form  by  evaporation. 
It  of  course  contained  all  the  preceding  substances  included  in  this  chapter, 
and  many  others  afterwards  to  be  mentioned ; its  properties  were 
therefore  extremely  various  and  indefinite.  They  afterwards  endeavoured 
to  distinguish  its  varieties  by  the  terms  bitter,  sweet,  mucilaginous, 
astringent,  narcotic,  colouring,  and  resinous  extracts,  &c.;  but  in  general, 
any  brown  residue  obtained  by  boiling  down  the  decoctions,  or  infusions, 
or  even  the  expressed  juices  of  vegetables,  was  distinguished  by  the 
generic  term  extract.  Boerhaave  first  pointed  out  the  existence  of  a 
peculiar  substance  in  these  extracts,  soluble  both  in  alcohol  and  in  water, 
which  he  called  Materia  hermaphrodita.  Scheele  called  it  Materia 
saponacea  ; and  Vauquelin  afterwards  gave  the  name  extractive  matter 
to  what  he  regarded  as  a peculiar  vegetable  principle,  soluble  in  water 
and  alcohol,  insoluble  in  ether,  and  becoming  insoluble  in  water  by 
long-continued  boiling,  and  by  exposure  to  light  and  air. 

It  seems  probable  that  the  brown  extractive , obtained  by  the  above 
processes,  is  not  pre-existent  in  the  vegetables  whence  it  is  obtained,  but 
principally  a product  of  the  action  of  heat,  water,  air,  and  other  agents ; 
the  different  colouring-matters  of  plants  have  also  been  termed  coloured 
extractive , but  these  we  shall  consider  separately*.  It  will  also  be  found 
in  regard  to  many  of  the  pharmaceutical  extracts,  that  their  activity  resides 
in  some  peculiar  and  distinct  proximate  product,  mixed  with  other  unim- 
portant and  inactive  substances,  and  these  must  also  be  distinctly  con- 
sidered. 

Ulmin.  The  term  extractive  is  perhaps  most  appropriately  applied, 
in  a strict  chemical  sense,  to  the  peculiar  brown  matter  which  may  be 
extracted  from  bog-earth,  peat,  and  turf;  it  is  frequently  termed  humus , 
or  humine , (Moder  of  the  Germans,  Geine  of  Berzelius.)  There  is  also  a 
brown  exudation  found  upon  the  barks  of  trees,  and  especially  of  the 
elm,  and  hence  called  ulmin , which  contains  a similar  matter  combined 
with  potassa.  Lastly,  the  action  of  heat,  acids,  alkalis,  and  some  other 
chemical  agents,  upon  a variety  of  organic  products,  is  attended  by  the 
production  of  more  or  less  of  a similar  matter.  As  it  combines  with 
bases,  Boullay  terms  it  ulmic  acid ; and  according  to  him,  the  brown  mat- 
ter occasionally  produced  by  the  decomposition  of  hydrocyanic  acid, 
contains  it  united  with  nitrogen ; this  he  calls  azulmic  acid  {Ann.  de  Chim. 
et  P/ujs .,  xliii.,  273.)  He  represents  ulmin,  or  ulmic  acid,  as  a compound  of 


* * In  preparing  extracts  for  pharmaceu- 
tical use,  the  greatest  care  must  be  taken 
to  avoid  injuring  them  by  heat,  and  they 
should  accordingly  be  evaporated  in  a 
water -bath,  or  by  steam  not  exceeding 
212°.  It  is  easy  to  evaporate  at  lower 
temperatures,  as  in  vacuo,  or  even  over 
sulphuric  acid,  and  many  of  the  extracts 
used  in  medicine  may  be  so  obtained,  of 


much  greater  activity  than  when  pre- 
pared in  the  usual  way : but  for  medical 
use  this  is  perhaps  not  desirable;  uni- 
formity is  the  great  object,  and  whether 
half  a grain  or  two  grains  of  the  more 
powerful  extracts  is  a dose,  is  of  less  im- 
portance, than  the  certainty  that  they 
are.  as  far  as  possible  of  a given  power. 
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56.7  per  cent,  carbon,  and  43.3  hydrogen  and  oxygen  in  the  proportions  to 
form  water:  he  considers  it  as  the  most  important  ingredient  in  the  soil 
as  relates  to  its  nutritive  powers.  Malaguti  is  quoted  by  Dumas  ( Chun . 
App.  aux  Arts , v.,  399),  as  having  obtained  crystallized  ulmic  acid  by 
the  long-continued  action  of  very  dilute  nitric  acid  upon  sugar  at  a boiling 
heat. 

Ulmin , or  ulmic  acid , may  be  obtained  by  digesting  the  brown  exuda- 
tion of  the  elm  in  boiling  water,  and  precipitation  by  an  acid.  Ilotten 
leaves,  bog-earth,  wood-soot,  or  turf,  may  be  digested  in  a weak  solution 
of  caustic  or  carbonated  potassa,  by  which  a brown  liquid  is  obtained 
( ulmate  of  potassa ),  from  which  acids  throw  down  ulmin.  Braconnot 
procures  it  (Ann.  de  Chim.  et  Phys .,  xii.,  192)  by  heating  equal  weights 
of  caustic  potassa  and  sawdust,  or  shavings  of  wood,  with  a little  water, 
in  a silver  crucible,  continually  stirring  the  mixture:  when  it  suddenly 
boils  up,  it  is  removed  from  the  fire,  and  stirred  till  cold,  so  as  to  expose 
it  as  much  as  possible  to  the  air,  for  the  formation  of  ulmic  acid  in  this 
case  depends  upon  the  absorption  of  oxygen.  When  cold,  the  product  is 
dissolved  in  water,  filtered,  and  decomposed  by  diluted  sulphuric  acid; 
the  precipitated  ulmic  acid  is  then  washed  and  dried. 

Ulmic  acid  varies  in  appearance  according  to  its  state  and  source: 
when  recently  precipitated  it  is  in  brown  flocks;  but  when  dried,  brittle 
and  resin-like.  It  is  nearly  tasteless,  almost  insoluble  in  water,  but  com- 
municates a brown  tinge  to  it.  Sulphuric  acid  dissolves  it,  but  lets  it  fall 
on  dilution,  and  it  then  retains  a little  acid:  it  combines  and  forms  soluble 
compounds  with  the  alkalis;  with  the  alkaline  earths,  and  many  of  the 
other  oxides,  it  produces  combinations  which  are  insoluble  or  difficultly 
soluble ; but  the  characters  of  these  compounds,  as  given  by  different  autho- 
rities, are  much  at  variance.  Some  of  the  metallic  salts  precipitate  it  so 
completely  as  to  leave  the  supernatant  liquid  colourless.  Some  of  its  com- 
pounds form  useful  pigments  (Umbers  are  of  this  description?)  and  may 
be  employed  in  dyeing  and  calico-printing. 

Bitter  Extractive.  Whether  any  peculiar  organic  product  does  or 
does  not  give  rise  to  the  bitter  flavour  of  many  of  the  pharmaceutical 
extracts,  such  as  those  of  quassia , wormwood , centaury , and  others,  from 
which  no  distinct  crystallizable  substance  has  hitherto  been  obtained,  or 
whether  it  is  a property  belonging  to  extractive , without  conferring  upon 
it  any  distinctive  character  beyond  that  of  bitterness,  are  questions  which 
still  remain  to  be  decided.  The  existence  of  the  intensely  bitter  and 
definite  compounds  called  vegeto-alkalis , leads  to  the  suspicion  of  some 
analogous  source  of  bitterness  in  other  cases,  but  there  are  many  plants 
in  Avhich  these  cannot  be  detected,  and  in  which  the  bitterness  seems  to 
reside  in  a principle  having  the  essential  characters  of  extractive.  The 
following  are  some  of  the  most  important  of  them. 

Aloe-bitter.  The  substance  known  in  commerce  under  the  name  of 
aloes , is  the  extract  of  several  species  of  aloe,  such  as  the  spicata , vulgaris , 
&c.  It  is  brown,  sometimes  translucent  and  sometimes  opaque,  and  of  a 
peculiar  odour,  especially  when  breathed  upon:  it  is  almost  entirely 
soluble  in  water  and  in  common  alcohol;  the  portion  insoluble  in  water 
has  not  the  characters  of  a resin,  but  appears  to  be  oxygenized  extractive. 
When  its  aqueous  solution  is  cautiously  evaporated  it  leaves  a brown 
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residue  soluble  in  water,  but  insoluble  in  ether  and  in  anhydrous  alcohol. 
Chlorine  throws  down  from  its  aqueous  solution  a brown  substance, 
resembling  the  original  insoluble  part.  Sulphuric  acid  dissolves  it  with- 
out apparent  change;  cold  nitric  acid  dissolves  it  and  acquires  a greenish 
tint,  and  when  the  solution  is  heated  malic  and  oxalic  acids  are  formed, 
and  a red  resinous  substance,  of  an  agreeable  odour.  When  1 part  of 
aloes  is  dissolved  in  8 of  nitric  acid,  and  evaporated  to  dryness,  the  residue 
is  yellow  and  intensely  bitter;  it  deflagrates  when  heated,  and  communi- 
cates a deep-purple  tint  to  water,  and  to  alkaline  solutions.  It  forms 
yellow  solutions  in  the  acids,  and  is  not  precipitated  by  the  salts  which 
throw  down  unaltered  extractive.  (Braconnot,  Ann.  de  Chim.  et  Phys ., 
lxviii.,  24.) 

From  rhubarb-root , squills , briony , gentian , and  several  other  drugs, 
bitter  substances  have  been  extracted,  but  none  of  them  are  possessed 
of  sufficiently  distinctive  characters  to  enable  us  to  consider  them  as 
proximate  bitter  principles : such  as  are  most  definite,  or  crystallizable, 
will  be  noticed  in  another  section. 

Artificial  Bitter.  By  digesting  indigo,  silk,  and  a few  other  sub- 
stances, both  of  vegetable  and  animal  origin,  in  nitric  acid,  an 
intensely-bitter  matter  is  formed,  called  by  Welther  the  yellow  bitter 
principle.  {Ann.  de  Chim.,  xxix.)  Chevreul  has  rendered  it  probable 
that  this  is  a compound  of  a peculiar  product  with  nitric  acid.  It  is 
crystallizable,  burns  like  gunpowder,  and  detonates  when  struck  with  a 
hammer. 


§ IX.  Astringent  Extractive;  Tannin;  Tannic  Acid; 

Gallic  Acid;  Ellagic  Acid;  Pyrogallic  Acid;  Metagallic  Acid. 

There  are  numerous  vegetables  which  have  more  or  less  of  an  astringent 
flavour,  and  of  which  the  aqueous  decoctions  or  infusions  occasion  a pre- 
cipitate in  solutions  of  animal  jelly,  and  in  those  of  several  metallic  salts: 
they  change  the  persalts  of  iron  to  dark  blue,  or  dingy  green.  These  well- 
marked  properties  have  long  been  ascribed  to  a peculiar  proximate  prin- 
ciple, designated  tannin , as  being  essential  to  the  conversion  of  skin  into 
leather : its  power  of  combining  with  salifiable  bases  led  some  chemists  to 
term  it  an  acid,  and  it  appeared  in  many  cases  to  be  associated  with,  and 
sometimes  apparently  a modification  of,  gallic  acid.  It  has,  however, 
been  obtained  in  a distinct  form  by  Pelouze,  {Ann.  de  Chim.  et  Phys., 
liv.,  837,)  and  its  characters  are  such  that  it  maybe  appropriately  termed 
tannic  acid.  But  the  properties  of  the  vegetable  infusions  and  decoctions 
containing  astringent  matter , are  not  solely  referable  to  tannic  acid,  but 
appear  to  depend  upon  its  association  with  extractive,  and  in  some  cases 
with  gallic  acid;  hence  the  varied  effects  which  they  produce  when  tested 
by  the  above-mentioned  reagents,  and  the  division  (adopted  by.  some 
chemical  authors)  of  astringents  into  two  classes,  namely,  those  pro- 
ducing blue  or  black , and  those  producing  green  precipitates  with  persul- 
phate of  iron. 

The  relative  proportion  of  tannin,  in  different  vegetables,  may  be 
tolerably-well  judged  of  by  the  weight  of  the  precipitate  which  they 
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afford  in  a strong  solution  of  isinglass.  The  following  table,  by  Cadet, 
sliows  the  relative  weights  of  the  precipitates  formed  by  an  infusion  of 
100  parts  of  the  respective  substances. 


Galls  ....  86 

Tormentil  root  . . .50 

Alder  bark  . . . 36 

Apricot  bark  . . .32 

Pomegranate  rind  . . 32 

Oak  bark  . . . .25 

Clierry-tree  bark  . . 24 

Bark  of  the  cornus  mascula  . 19 

Plane-tree  bark  . . 16 


Weeping  willow  bark  . .16 

Bohemia  olive  bark  . . 16 

Bark  of  coryaria  myrtifolia  . 13 

Bark  of  rhus  typhinum  . 10 

Green  acorn  cups  . . .10 

Service-tree  bark  . . 8 

Horse-chestnut  bark  . . 6 

American  sumach  bark  . 6 


In  the  following  table,  the  first  column  shows  the  whole  quantity  of 
extract  obtained  from  100  parts  of  the  different  substances,  and  the  second 
column  the  proportion  of  tannin  in  that  extract.  (Davy.) 


Tan  con- 


Extract 

tained  in  it 

Galls 

37.5  . 

. 26.4 

Inner  bark  of  oak  . 

23.5  . 

. 16.0 

* horse-chestnut 

18.5  . 

. 15.2 

Entire  oak  bark  . . 

12.7  . 

. 6.3 

■ horse-chestnut  do. 

11.0  , 

. 4.3 

— — — elm  bark  . . . 

• 2.7 

The  average  quantity  of  tannin 


follows:  (Davy,  Agricul. 

Chem. ) 

ft. 

Entire  bark  of  middle-sized  Oak,  cut 

in  spring 

• • 

29 

Spanish  chestnut 

• 

21 

Leicester  willow,  large 

size  . 

33 

Elm 

• 

13 

• Common  willow,  large 

11 

Ash 

. 

16 

Beech 

• e> 

10 

Horse  Chestnut 

• 

9 

Sycamore 

• • 

11 

Tan  con- 

Extract.  taiaed  in  it. 

Entire  willow  bark 2.2 

Sumach  ....  34.3  . . 16.2 

Souchong  tea  . . . 32.5  . . 10.0 

Green  tea 8.5 

Catechu  from  Bombay  . . . 54.3 

Bengal  ....  48.1 

in  480  lbs.  of  different  barks,  is  as 

ft. 

Entire  bark  of  Lombardy  poplar  15 

Birch  .....  8 

Hazel  . . . . 14 

Black-thorn  . . . .16 

Coppice  oak  ...  32 

Oak,  cut  in  autumn  . .21 

Larch,  cut  in  autumn  . 8 

White  interior  cortical  layers  of  oak- 

bark  . . . . .72 


The  infusions  and  decoctions  of  vegetables  containing  tannin,  not  only 
affect  solutions  of  jelly  and  of  peroxide  of  iron,  as  above  stated,  but  they 
also  precipitate  the  salts  of  lead,  tin,  copper,  and  indeed  of  most  of  the 
metals:  these  precipitates  are  of  variable  composition,  and  often  contain 
extractive,  and  tannin,  and  gallic  acid. 

The  following  plants  contain  the  modification  of  tannin  which  renders 
solutions  of  peroxide  of  iron  deep-blue.  (Gmelin.)  Galls ; the  roots  of 
Lithrum  salic aria,  Geum  urbanum  and  rivale , Potentilla  argentea  and 
anserina , Sanguisorba  officinalis , Poterium  sanguisorba , Alchemilla  vul- 
garis, Arctium  lappa,  Polygonum  bistorta,  Iris  pseud  acorns , Nymphcea 
alba ; the  wood  of  the  oak,  and  many  other  trees;  the  bark  of  different 
species  of  oak;  the  twigs  of  the  black  currant  and  of  sumach;  the  leaves 
of  oak,  uva  ursi,  and  many  others;  the  petals  of  pomegranate,  Posa 
gallica,  and  P mania  officinalis. 

The  tannin  which  gives  a green  precipitate  with  persalts  of  iron,  is 
found  in  catechu  and  in  kino;  in  the  roots  of  the  Tormentilla  erect  a, 
Potentilla  replans , Rosa  canina,  Rhceum  rhaponticum,  &c. ; in  the 
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different  species  of  Cinchona  bark,  in  cinnamon,  cassia,  and  in  horse- 
chestnut  hark ; in  the  leaves  of  Salvia  officinalis , Laminin  album , Glecoma 
hederacea , &c.;  in  the  varieties  of  tea;  in  th e flowers  of  Tilia  Europcea , 
Centaurea  cyanus , and  Arnica  montana ; in  horse-chestnuts,  date- 
stones,  &c. 

Several  processes  have  been  suggested  for  the  separation  of  pure 
tannin  from  the  solutions  in  which  it  is  combined  with  other  vegetable 
principles;  they  generally  consist  in  throwing  it  down  in  combination 
either  with  sulphuric  acid,  which  is  afterwards  abstracted  by  carbonate 
of  lead  or  carbonate  of  baryta;  or  by  subacetate  of  lead,  or  chloride  of  tin, 
the  tannates  of  lead  or  tin,  which  fall,  being  afterwards  deconrposed  by 
sulphuretted  hydrogen.  In  these  cases,  solutions  of  a more  or  less  pure 
tannin  are  obtained,  which  are  filtered  through  animal-charcoal,  and 
cautiously  evaporated.  But  tannin,  as  we  shall  presently  find,  is  very 
prone  to  change,  and  the  action  of  acids,  bases,  salts,  and  sulphuretted 
hydrogen,  probably  tend  to  modify  it;  hence  the  preference  due  to  the 
following  process,  suggested  by  Pelouze,  and  which  appears  unexception- 
able. The  lower  opening  of  an  elongated  glass  vessel  is  loosely  closed 
by  a piece  of  linen,  or  a plug  of  tow,  and  it  is  then  half  filled  with 
powdered  galls  gently  pressed  down:  common  ether  (hydrous  ether)  is 
then  poured  in,  and  the  upper  orifice  being  closed  so  as  to  admit  a little 
air,  but  prevent  evaporation,  it  slowly  filters  through  the  galls  into  the 
vessel  underneath,  where  it  forms  two  distinct  liquids;  the  one  light  and 
very  fluid,  the  other  more  dense  and  slightly  yellow;  more  ether  is 
poured  in  above,  till  the  lower  stratum  of  liquid  no  longer  is  increased  in 
quantity.  The  liquids  are  then  poured  into  a funnel,  the  tube  of  which  is 
at  first  stopped  by  the  finger,  and,  when  they  have  separated  into  two 
portions,  the  heaviest  is  drawn  off  into  a capsule,  and  the  lighter  put 
aside  for  distillation,  it  being  chiefly  ether.  The  denser  liquid  is  then 
purified  by  washing  it  with  anhydrous  ether,  from  which  it  is  sepa- 
rated as  before,  and  ultimately  evaporated  in  a stove,  or  under  the 
receiver  of  the  air-pump ; a spongy  product  is  obtained,  not  crystalline, 
white,  or  with  a slight  yellow  tint,  and  amounting  to  from  35  to  40  per 
cent,  of  the  galls  employed.  It  is  tannin,  as  pure  as  it  can  he  procured*. 

Tannic  Acid  or  Tannin,  in  this  state,  is  eminently  astringent,  without 
any  bitterness,  inodorous,  and,  though  very  sparingly  soluble  in  water, 
the  solution  reddens  litmus.  It  decomposes  the  alkaline  carbonates  with 
effervescence,  and  forms  insoluble  precipitates  in  the  greater  number  of 
metallic  solutions,  which  are  true  tannates.  The  pure  protosalts  of  iron 
are  not  altered  by  it,  hut  in.  the  persalts  it  occasions  an  abundant  dark- 
blue  precipitate.  It  is  less  soluble  in  anhydrous  alcohol  and  ether  than 
in  water.  It  cannot  he  crystallized.  It  burns  upon  platinum-foil  without 


* Artificial  Tannin.  Mr.  Hatchett  has 
shown  that  a species  of  tannin  may  be 
formed  artificially  by  digesting  charcoal 
in  dilute  nitric  acid  during  several  days ; 
it  is  at  length  dissolved,  and  a reddish- 
brown  liquor  is  obtained,  which  furnishes, 
by  careful  evaporation,  a brown  glossy 
substance,  amounting  to  about  120  parts 
from  100  of  charcoal. 


This  artificial  tannin  differs  in  one 
circumstance  from  natural  tannin,  which 
is,  that  it  resists  the  action  of  nitric 
acid,  by  which  all  the  varieties  of  na- 
tural tannin  are  decomposed,  though 
some  are  more  capable  of  resisting  its 
action  than  others. 

Artificial  tannin  has  a bitterish  astrin- 
gent taste,  is  soluble  in  water  and  alcohol, 
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residue.  Its  concentrated  solution  is  precipitated  white  by  muriatic 
nitric,  sulphuric,  phosphoric,  and  arsenic  acids : it  is  not  affected  by 
tartaric,  oxalic,  lactic,  citric,  acetic,  succinic,  selenious,  or  sulphurous  acids. 
Heated  with  nitric  acid  it  is  rapidly  decomposed,  and  oxalic  acid  is  formed. 
With  cinchonia,  quinia,  morphia,  codeia,  brucia,  and  strychnia,  it  forms 
white  precipitates,  sparingly  soluble  in  water,  but  very  soluble  in  acetic 
acid. 

The  aqueous  solution  of  tannic  acid  may  be  long  preserved  without 
change  provided  air  be  excluded,  but  in  open  vessels  it  absorbs  oxygen, 
evolves  carbonic  acid,  becomes  turbid,  and  deposits  gallic  acid , into  which, 
therefore,  it  is  converted;  this  is  the  reason  why  recently-prepared  infu- 
sion of  galls  precipitates  several  substances  (in  the  form  of  tannates) 
which  it  will  not  throw  down  after  long  exposure  to  air,  its  tannin  having 
then  passed  into  gallic  acid.  This  is  especially  the  case  with  solutions 
of  morphia,  the  tannate  of  which  is  insoluble,  but  the  gallate,  soluble. 

Tannin  forms  a white  precipitate  in  solution  of  gelatin  ( tannogelatin ), 
which,  when  carefully  dried,  becomes  hard  and  tough;  if  gelatine  predo- 
minate, the  precipitate  may  be  redissolved  by  heat  in  the  supernatant 
liquid ; but  if  the  tannin  be  in  excess,  the  precipitate  becomes  elastic  and 
agglutinated.  Tannogelatin  dried  at  212°  consists  of  about  54  tan,  and 
46  gelatin.  Tannin  cannot,  in  this  way,  be  wholly  separated  from  its 
solutions  by  a solution  of  gelatin,  but  when  a piece  of  skin,  previously 
cleansed  and  soaked  in  lime-water  (as  it  is  prepared  for  tanning)  is  used, 
it  absorbs  the  whole  of  the  tannic  acid,  leaving  in  solution  any  gallic  acid 
that  might  have  been  present.  Tannin  precipitates  albumen  and  vege- 
table gluten. 

When  gelatinous  alumina  is  agitated  with  solution  of  tannin,  it  rapidly 
absorbs  it,  forming  an  insoluble  precipitate,  and  the  filtered  liquor  does 
not  discolour  persulphate  of  iron : this  is  not  the  case  with  gallic  acid. 

When  tannin  is  subjected  to  the  temperature  of  boiling-oil,  water, 
carbonic  acid,  and  metagallic  acid  are  formed.  Dried  at  240°  it  is  not 
decomposed,  but  becomes  anhydrous.  In  this  state  it  consists  of'* 


Carbon  . . 

18  . . 

108 

. . 50.70 

Berzelius. 

. . 52.69 

Pelouze. 
mean  of  4 e.rpts 

51.56 

Hydrogen  . 

9 . . 

9 

4.23 

3.86 

4.20 

Oxygen  . . 

12  . . 

96 

. . 45.07 

. . 43.45 

44.24 

1 

213 

100.00 

100.00 

100.00 

and  forms  an  insoluble  precipitate  in  so- 
lutions of  animal  gelatine,  the  precipitate 
consisting,  according  to  Mr.  Hatchett,  of 

36  tannin 
64  gelatine 

100 

Muriatic  and  sulphuric  acids  occasion 
brown  precipitates,  in  solution  of  arti- 
ficial tan,  which  are  soluble  in  hot  water. 
It  combines  with  the  alkalis,  and  forms 
a precipitate  of  difficult  solubility  in 
aqueous  solutions  of  lime,  baryta,  and 


strontia,  and  most  metallic  solutions: 
these  precipitates  are  of  a brown  colour. 

A variety  of  artificial  tan  is  formed 
by  digesting  camphor  and  resins  in  sul- 
phuric acid,  till  the  liquor  becomes  black, 
and  on  being  poured  into  water,  deposits 
a black  powder,  which,  by  digestion  in 
alcohol,  furnishes  a brown  matter,  so- 
luble in  water,  and  forming  an  insoluble 
precipitate  with  gelatine.  — Hatchett, 
Phil.  Trans.,  1805,  1806. 

* The  tannin  of  catechu  is  said  to 
contain  less  oxygen  than  that  of  galls : 
tannous  acid  ? 
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but  its  equivalent  deduced  from  the  neutral  tannates,  is  213  X 2 — 426, 
so  that  our  symbol  tCLJl1  represents  (36  COLT  + is  A + 24  0):=  426. 

Tannate  of  Potassa.  When  solution  of  tannic  acid  is  added  to  a 
solution  of  caustic  potassa  or  its  carbonate,  a precipitate  falls,  scarcely 
soluble  in  alcohol  or  water ; it  forms  a gelatinous  compound  when 
hydrated,  and  when  dry,  assumes  an  earthy  aspect. 

Tannate  of  Soda  is  more  soluble  than  tannate  of  potassa. 

Tannates  of  Baryta,  Strontia,  and  Lime,  are  difficultly  soluble  in 
water,  but  they  dissolve  in  excess  of  tannic  acid,  and  in  acetic  acid. 

Tannate  of  Peroxide  of  Iron  (fe  + 1^,0  + \ \td7l-) ; Pert  annate 
of  Iron.  This  salt  corresponds  in  composition  with  the  best  defined 
salts  of  iron;  it  consists  of  ] atom  of  peroxide  of  iron , and  of  tannic 
acid.  It  is  important,  as  constituting  the  basis  of  common  writing-ink* . 

Tannate  of  Lead,  (pi  + O)  + (36  CUT  + is  A + 24  O)  or  (Pl  -\-tCL7V) 
is  formed  by  dropping  a solution  of  nitrate  or  of  acetate  of  lead  into  a 
solution  of  tannic  acid,  leaving  the  latter  in  excess.  It  is  white  and 
insoluble,  and,  if  neutral , as  it  probably  is,  it  consists  of 

Berzelius. 

Oxide  of  lead  ...  1 . 112  . . 34.2  . . 34.21 

Tannic  acid  ....  1 . . 426  . . 65.3  . . 65.79 

1 538  100.0  100.00 

Tannate  of  Antimony.  The  compound  of  tannic  acid  with  prot- 
oxide of  antimony  is  thrown  down  from  a solution  of  emetic  tartar,  in 
the  form  of  an  insoluble  white  gelatinous  precipitate. 

General  Characters  of  the  Tannates.  The  salts  of  the  tannic 
acid  are  mostly  of  difficult  solubility ; those  which  are  soluble  do  not 
precipitate  gelatin  except  an  acid  be  added.  With  the  white  oxides  the 
pure  tannates  are  'white  ; with  the  coloured  oxides,  variously  coloured. 
Infusion  of  galls,  or  a solution  of  tannic  acid,  are  often  used  as  reagents, 
indicating  by  the  colour  of  the  produced  precipitate,  the  nature  of  several 
of  the  oxides.  The  test  should  be  applied  to  neutral  solutions,  for  the 
effect  is  modified  by  the  presence  of  free  acids. 


* In  making  good  Writing  Ink , the 
great  object  is  to  regulate  the  propor- 
tion of  sulphate  of  iron  to  the  galls.  If 
it  be  in  excess,  although  the  ink  may  at 
first  appear  black,  it  becomes  subse- 
quently brown  and  yellow.  Hence, 
some  time  should  elapse  before  ink  is 
used  after  the  ingredients  are  put  to- 
gether, in  order  to  be  tested  from  time 
to  time,  and  the  combinations  perfectly 
regulated.  Gum  is  added  to  retain  the  ! 
colouring  matter  in  suspension,  to  pre- 
vent too  great  fluidity  in  the  writing, 
and  to  protect  the  vegetable  matter  from 
decomposition.  Logwood,  and  other  . 
vegetable  astringents,  have  been  tried  j 
for  atramental  purposes,  but  do  not  yield 
a permanent  ink. 

An  excellent  ink  is  obtained  as  fol- 
lows ; but,  if  the  paper  has  been  made 
from  inferior  rags,  bleached  by  an  excess 


of  chlorine,  ink,  however  good,  will  be 
ultimately  discoloured. 

Aleppo  galls  6 oz.,  sulphate  of  iron 
4 oz.,  gum-arabic  4 oz  , water  6 pints. 
Boil  the  galls  in  the  water,  then  add  the 
other  ingredients,  and  keep  the  whole 
in  a wooden  or  glass  vessel,  occasion- 
ally shaken.  In  two  months,  strain,  and 
pour  off  the  ink  into  glass  bottles,  to  be 
well  corked.  To  prevent  mould,  add 
one  grain  of  corrosive  sublimate,  or 
three  drops  of  kreosote  to  each  pint  of 
ink.  Sulphate  of  copper  is  occasionally 
added  to  ink,  but  is  rather  injurious 
than  otherwise. 

A blue  ink , or  writing  fluid , has  lately 
been  introduced  : I am  not  acquainted 
with  its  composition,  but  the  colouring- 
matter  is  said  to  be  sulphate  of  indigo 
and  tannogallate  of  iron. 
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Ill  the  following  Table  of  these  precipitates  by  infusion  of  galls , the 
first  column  contains  my  own  results,  the  second  those  given  by 
Dumas 


METAL. 

SOLUTION. 

PRECIPITATE. 

Manganese 

N eutral  protomuriate 

Dirty  yellow 

0 

Iron.  . . 

Neutral  protosulphate 

Purple  tint 

0 

Ditto 

Persulphate 

Black 

Blue-black 

Zinc  . . . 

Chloride 

Dirty  yellow 

0 

Tin  . . . 

Acid  protochloride 

Straw-colour 

Y ellowish 

Ditto 

Acid  perchloride 

Fawn-colour 

Ditto 

Cadmium  . 

Chloride 

? 

0 

Copper  . . 

Protochloride 

Y ellow-brown 

p 

Ditto 

Nitrate 

Green 

Gray 

Lead 

Nitrate 

Dingy  yellow 

White 

Antimony  . 

Tartrate  of  antimony  and 
potassa 

Straw-colour 

White 

Bismuth 

Tartrate  of  bismuth  and  f 
potassa 

Yellow,  and  copious 

Orange 

Cobalt  . . 

Chloride 

0 

Y ellow-white 

Uranium  . 

Sulphate 

Dark  brown 

Reddish-brown 

Titanium  . 

Acid  muriate 

Brown -red 

Blood-red 

Ditto 

Neutral  sulphate 

Blood-red 

Ditto 

Cerium  . 

Sulphate 

Y ellowish 

Y ellow 

Tellurium 

Chloride 

Yellow 

Y ellow 

Arsenic 

White  oxide 

Little  change 

p 

Ditto 

Arsenic  acid  J 0 

? 

Molybdenum 

Chloride 

Brown 

Brown 

N ickel  . . 

Sulphate 

Green  j Y ellow-green 

Mercury  . 

Acid  protonitrate 

Y ellow 

? 

Ditto 

Acid  pernitrate 

Y ellow 

? 

Ditto 

Corrosive  sublimate 

0 

p 

Osmium  . 

Aqueous  solution  of  oxide 

Purple  becoming  blue 

Blueisli -purple 

Rhodium  . 

Palladium 

Silver  . . 

Nitrate 

, Curdy  and  brown 

Dirty-yellow 

Gold  . . 

Chloride 

Deep  brown 

Brown 

Platinum  . 

Chloride 

Brownish-green 

Dark-green 
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Gallic  Acid.  The  researches  of  Pelouze  have  thrown  much  light  on 
the  nature  and  production  of  gallic  acid , and  have  shown,  that  although 
it  is  found  in  most  cases,  in  vegetable  products  which  contain  tannin,  it 
generally  exists  in  small  quantities  only,  and  that  in  the  usual  mode  of 
procuring  it  from  galls , it  is  to  be  considered  rather  as  a product , than  an 
educt.  Two  methods  of  obtaining  this  acid  have  been  resorted  to;  in  the 
one,  heat  is  applied  so  as  to  sublime  it;  in  the  other,  it  is  procured  by 
exposure  of  infusion  of  galls  to  air;  in  the  former  case  the  acid,  as  we 
shall  immediately  see,  is  modified;  in  the  latter,  it  is  produced  by  the 
action  of  oxygen  on  tannin,  and  it  is  in  this  way,  that  the  purest  gallic 
acid  may  he  obtained;  as  follows: 

Mix  powdered  galls  into  a thin  paste  with  water,  and  expose  it  for 
four  or  five  weeks,  at  a temperature  between  60°  and  70°,  to  the  action 
of  the  air,  observing  to  prevent  its  desiccation  by  the  occasional  addition 
of  water:  it  swells  and  becomes  mouldy,  and,  at  the  end  of  that  period, 
contains  a large  proportion  of  gallic  acid:  the  paste  is  dried  by  pressing 
out  the  liquid , (which  holds  scarcely  any  gallic  acid  in  solution,)  whilst 
the  residue  is  boiled  in  water;  the  solution  thus  obtained  is  filtered  whilst 
hot,  and  as  it  cools  it  deposits  gallic  acid,  which  may  at  once  be  purified 
by  boiling  it  with  about  8 parts  of  water  and  a fifth  of  its  weight  of 
animal  charcoal:  the  filtered  solution  now  yields  pure  crystallized  gallic 
acid  as  it  cools. 

In  regard  to  the  theory  of  this  change,  it  has  been  observed  above, 
that  solution  of  tannin  undergoes  no  change  if  excluded  from  oxygen;  but 
if  exposed  to  air,  it  slowly  absorbs  oxygen,  giving  out  an  equivalent  volume 
of  carbonic  acid;  so  that,  in  a few  weeks,  the  solution  contains  acicular 
crystals  of  gallic  acid,  formed  at  the  expense  of  the  tannin. 

Gallic  acid  crystallizes,  in  combination  with  water,  in  long  silky 
needles,  which  effloresce  and  become  anhydrous  when  duly  exposed  to  a 
temperature  of  about  250°.  When  perfectly  free  from  tannin,  it  does  not 
affect  a solution  of  gelatin:  its  taste  is  slightly  acid  and  styptic,  and  it 
requires  about  100  parts  of  water  for  its  solution:  it  is  somewhat  more 
soluble  in  ether,  and  considerably  more  so  in  alcohol.  According  to 
Pelouze  ( Ann . de  Ckim.  el  Phys .,  liv.,  337)  the  equivalent  of  anhydrous 
gallic  acid  is  85  = ( 7 CCLT  + 3 fl  + 5 O ) or,  it  consists  of 


Carbon 

7 . • 

42 

. . 49.4 

Pelouze. 

50.10 

Hydrogen  .... 

3 . . 

3 

3.G 

3.64 

Oxygen 

5 . . 

40 

. . 47.0 

46.26 

1 

85 

100.0 

100.00 

e crystallized  gallic  acid  consists  of 

Pelouze. 

Anhydrous  gallic  acid  . 

.1  . . 

85 

. . 90,5 

90.55 

Water 

.1 

9 

. . 9.5 

. . 9.45 

1 

94 

100.0 

100.00 

Properties  op  the  Salts  of  Gallic  Acid.  The  collates  have  been 
but  little  examined,  and  much  confounded  with  the  tannates.  The 
gallates  of  ammonia , potassa , and  soda,  are  soluble,  and  colourless  out  of 
the  contact  of  air,  but  absorb  oxygen,  and  become  brown.  In  these  cases, 
and  in  the  change  which  solution  of  gallic  acid  suffers,  when  exposed  to 
air,  Dobereiner  states  that  ulmin  is  formed.  The  gallates  of  lime,  baryta , 
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and  strontia , may  be  thrown  down  by  the  addition  of  gallic  acid  to  the 
aqueous  solutions  of  those  earths,  in  the  form  of  white  powders,  which 
redissolve  in  excess  of  the  acid,  and  form  silky  prismatic  crystals,  un- 
changed by  exposure  to  air.  When  these  solutions,  with  excess  of  base , 
are  exposed  to  air,  they  become  discoloured. 

With  persulphate  of  iron,  gallic  acid  produces  a dark-blue  precipitate, 
much  more  soluble  than  the  pertannate  of  iron.  This  precipitate  slowly 
redissolves  in  the  supernatant  solution:  in  a few  days  it  becomes  almost 
colourless,  the  sulphuric  acid  gradually  resumes  the  greater  part  of  the 
oxide  of  iron  from  the  gallic  acid,  which  separates  in  crystals,  and  the 
salt  of  iron  contains  a protoxide,  in  consequence  of  the  decomposition  of 
a portion  of  the  gallic  acid.  These  changes  occur  in  a few  minutes  when 
the  liquid  is  boiled.  With  solution  of  nitrate,  or  acetate  of  lead,  gallic 
acid  forms  a permanent  white  precipitate,  composed  of 

Oxide  of  lead  ...  1 . . 112  . . 56.8 

Gallic  acid  ....  1 . . 85  . . 43.2 

I 197  100.0 


Ellagic  Acid.  This  term,  derived  from  the  word  galle , read  back- 
wards, has  been  applied  by  Braconnot  ( Ann . de  Chim.  et  Phys .,  ix.,  181) 
to  a substance  produced  along  with  gallic  acid,  by  the  exposure  of 
moistened  galls  to  air.  Being  insoluble  in  boiling  water,  it  remains  after 
the  gallic  acid  has  been  extracted;  and  it  may  be  dissolved  out  of  the 
residue,  by  the  action  of  a very  weak  solution  of  potassa,  from  which 
dilute  muriatic  acid  throws  it  down  in  the  form  of  a tawny  powder,  taste- 
less and  almost  insoluble.  It  does  not  decompose  the  alkaline  carbonates, 
even  at  21 2°.  When  a solution  of  potassa  is  dropped  upon  it,  heat 
is  produced,  and  it  perfectly  neutralizes  the  alkali:  this  salt,  and  that 
of  soda , is  soluble:  but  the  ellagate  of  ammonia  is,  under  all  circum- 
stances, nearly  insoluble.  Nitric  acid  forms  a red  solution  with  ellagic 
acid,  and  changes  it  into  oxalic  acid.  According  to  Pelouze,  anhydrous 
ellagic  acid  is  represented  by  the  equivalent  78.  — ( ? CCLV  4-  2 fl  T 4 0),  or 


Carl)  on  ...  7 

Hydrogen  . . 2 

Oxygen  ...  4 

1 


42  . . 55.2 

2 . . 2.6 

32  , . 42.2 

76  100.0 


Pyrogallic  Acid.  This  acid,  first  noticed  by  Deyeux  (Jour,  de 
Phys.,  xlii.,  416)  has  since  been  studied  by  Braconnot  (Ann.  de  Chim.  et 
Phys.,  xlvi.,  206),  and  by  Pelouze,  (ibid,  liv.,  337-)  It  is,  as  its  name 
imports,  produced  by  the  action  of  heat  upon  gallic  acid,  but  a 
particular  temperature  is  requisite  for  its  formation,  which  Pelouze 
determined,  by  heating  the  retort  containing  the  gallic  acid,  in  an  oil 
bath,  to  be  between  410°  and  420°;  a little  above  that  heat  no  p3Tro- 
gallic  acid  is  produced,  but  another  distinct  product,  which  has  been 
called  metagallic  acid.  The  preparation,  therefore,  of  pyrogallic  acid 
requires  much  care  as  to  temperature;  it  is  best  produced  by  half-filling 
a small  retort  with  gallic  acid,  and  heating  it  through  the  medium  of  an 
oil-bath  with  an  immersed  thermometer.  It  sublimes  in  the  form  of 
white  and  brilliant  lamellar  and  anhydrous  crystals,  very  soluble  in  water, 
alcohol,  and  ether,  and  slightly  reddening  litmus.  Exposed  to  air,  its 
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aqueous  solution  gradually  acquires  colour,  and,  in  the  course  of  some 
days,  is  entirely  resolved  into  what  appears  to  be  ulmin.  It  fuses  at 
247 J,  and  boils  at  410°,  yielding  a colourless  vapour  of  a slightly  balsamic 
odour : at  480°  it  blackens,  and  is  resolved  into  metagallic  acid  and 
water.  Pyrogallic  acid  has  been  analyzed  by  Berzelius  under  the  name 
of  gallic  acid , and  also  by  Pelouze:  their  experiments  indicate  its  equi- 
valent to  be  ( 6 CCLT  + 3 A + 3 0 ),  or 


Berzelius. 

Pelouze. 

Carbon  . . 

6 

36 

. . 57.14 

. . 56.64 

57-61 

Hydrogen  . . 

3 

3 

. . 4.70 

. . 5.00 

4.70 

Oxygen  . . . 

3 

24 

. . 38.10 

. . 38.36 

37-69 

1 

03 

100.00 

100.00 

100.00 

Pyrogallates. 

Ammonia, 

soda,  and 

potassa,  form 

soluble  pyro 

gallates:  that  of  potassa  crystallizes  in  white  rhomboidal  tables.  Pyro- 
gallic acid  produces  no  precipitate  in  lime,  baryta,  or  strontia  water. 
According  to  Braconnot  it  instantly  reduces  persulphate  of  iron  to  proto- 
sulphate, and  the  liquid  acquires  a reddish-brown  tinge,  without  depositing 
any  precipitate.  If,  instead  of  the  free  acid,  a pyrogallate  be  used,  or 
hydrated  peroxide  of  iron,  an  intense  blue  precipitate  falls.  Protosulphate 
of  iron  produces  an  immediate  blackening. 

Metagallic  Acid.  When  tannic  or  gallic  acid  is  rapidly  heated  up 
to  480°,  carbonic  acid  and  water  are  evolved,  and,  instead  of  a sublimate 
of  pyrogallic  acid,  a black,  shining,  and  tasteless  substance  is  formed, 
insoluble  in  water,  but  readily  soluble  in  liquid  ammonia,  potassa,  and 
soda,  and  disengaging  carbonic  acid,  with  effervescence,  from  the  soluble 
alkaline  carbonates.  Metagallate  of  potassa  gives  black  precipitates  with 
the  salts  of  lime,  baryta,  strontia,  magnesia,  iron,  zinc,  copper,  lead,  and 
silver.  The  equivalent  of  this  acid  appears  to  lie  99  ==  ( 12  CCLT  + 3 Jl 
+ 3 0 ).  The  acid,  as  first  formed,  contains  1 equivalent  of  water. 

Atomic  Relations  of  the  preceding  Acids.  The  decomposition  of 
gallic  acid,  at  the  temperature  of  420°,  is  such,  that  1 equivalent  yields 
1 of  pyrogallic  acid  and  I of  carbonic  acid;  for 


1 Gallic  acid. 


I Pyrogallic  acid. 


1 Carbonic  acid. 


( 7 car  + 3 A + 5 0)  = ( 6 car  + 3 A + 3 0 ) + ( car  + 2 o ) 

and,  at  the  temperature,  of  480°,  2 atoms  of  pyrogallic  acid  yield  1 atom 
of  metagallic  acid  and  3 of  water;  for 


2 Pyrogallic  acid. 


I M eiagallic  acid. 


3 Water. 


2 (e  car  + sh  + 3 0)  = ( 12 car + 3 A +30)  + 3( A + o) 


§ X.  Colorific  Extractive.  Colouring  Matter. 

Tiie  colouring  matters  of  vegetables  which  are  soluble  in  water,  generally 
partake  more  or  less  of  the  chemical  properties  of  extractive , and  like 
that  principle,  are  capable  of  being  combined  with,  and  fixed,  or  ren- 
dered permanent  by  certain  bases  or  oxides,  which,  in  reference  to  this 
particular  case,  are  often  termed  mordants. 

When  a solution  of  brown  extractive  matter,  for  instance,  is  mixed 
with  a solution  of  certain  salts  of  iron,  lead,  or  aluminum,  and  an  alkali 
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is  added  to  tlie  mixture,  tlie  metallic  oxide  falls  in  chemical  combination 
with  the  extractive  matter,  so  that  the  supernatant  liquor  remains 
colourless.  The  same  thing  happens  with  tother  colorific  extracts ; an 
infusion  of  madder,  for  example,  when  mixed  with  a solution  of  alum, 
and  decomposed  by  an  alkali,  furnishes  a red  precipitate,  and  if  the 
alumina  he  in  excess,  the  residuary  solution  is  perfectly  colourless.  Other 
coloured  solutions  present  the  same  phenomena,  and  the  coloured  preci- 
pitates are,  in  such  cases,  often  termed  lakes , especially  when  of  a red, 
pink,  or  purple  tint.  In  these  cases,  an  attraction  is  shown  to  exist, 
between  the  metallic  oxide  and  the  colouring- matter,  and  it  is  often  the 
means  of  conferring  a degree  of  permanence  and  insolubility  on  the 
latter,  and  modifying  its  hue.  It  has  already  been  stated  that  the  various 
forms  of  lignin , or  vegetable  fibre,  possess  a similar  attraction  for  certain 
oxides : accordingly,  if  a piece  of  linen  or  calico  be  steeped  in  a proper 
solution  of  such  oxide,  a combination  of  the  fibre  and  the  oxide  will  first 
take  place ; and  then,  the  fibre  thus  prepared,  if  immersed  in  a solution 
of  colouring-extract,  will  combine  with  it,  and  the  colour  thus  become 
fixed  upon  the  stuff.  This,  in  a few  words,  is  the  theory  of  the  art  of 
dyeing,  with  the  greater  number  of  vegetable  colours,  which,  though  in 
themselves  fugitive,  and  unsusceptible  of  combination  with  the  linen, 
cotton,  or  other  material  to  be  dyed,  are  rendered,  to  a greater  or  less 
extent,  fixed  and  permanent,  by  the  joint  attraction  of  the  base  or  mor- 
dant for  the  fibre  and  for  the  colour  *. 


* The  art  of  dyeing  and  calico-printing 
has  been  tlie  subject  of  several  separate 
works,  to  which  the  reader  is  referred 
for  details.  The  following  are  a few  of 
the  principal  points  which  bear  upon  the 
chemistry  of  the  processes. 

In  the  first  place,  the  goods  require 
to  be  thoroughly  cleansed  from  all 
foreign  matters  and  colours,  which  is 
effected  by  washing  and  bleaching.  Warm 
water  is  at  first  liberally  applied  to  re- 
move the  filth  acquired  in  weaving ; the 
goods,  if  linen  or  cotton,  are  then  bow- 
ked , or  boiled  with  a very  weak  solution 
of  caustic  potassa,  washed  in  large  quan- 
tities of  water,  and  spread  out  upon  the 
grass  so  as  to  be  exposed  freely  to  the 
joint  agencies  of  light,  air,  and  moisture; 
this  part  of  the  operation,  which  is  te- 
dious, may  be  much  curtailed,  or  even 
superseded,  by  the  careful  application 
of  a weak  solution  of  chloride  of  lime. 
The  bowking  and  exposure  are  alter- 
nately repeated  as  often  as  necessary ; 
and  lastly,  the  goods  are  immersed  in 
water  slightly  acidulated  by  sulphuric 
acid,  again  thoroughly  washed,  and 
dried.  By  these  operations,  the  texture 
of  the  stuffs  is  always  more  or  less  im- 
paired, especially  when  chloride  of  lime 
is  used.  In  respect  to  the  theory  of  the 
operation  of  bleaching,  it  appears  pro- 


bable, that  in  the  necessary  exposure  to 
water,  air  and  light,  or  their  substitute 
chlorine , nascent  oxygen  is  developed, 
and  is  the  destroyer  of  those  portions  of 
colouring-matter  which  are  most  obsti- 
nately retained.  With  respect  to  the 
nature  of  the  materials  or  fibre  to  be 
dyed,  it  is  found  that  different  sub- 
stances not  only  possess  very  different 
attractions  for  dye-stuffs,  but  they  absorb 
the  colouring-matter  in  very  different 
proportions.  Wool  appears  in  this  re- 
spect to  have  the  strongest  attraction  for 
colouring-substances;  silk  comes  next 
to  it ; then  cotton ; and  lastly,  hemp 
and  flax.  The  simple  operation  of  dye- 
ing is  generally  performed  upon  animal 
fibre,  such  as  wool  and  silk,  whilst  the 
more  refined  operation  of  printing  in 
patterns  and  devices  of  various  colours, 
is  chiefly,  though  by  no  means  exclu- 
sively, conducted  upon  cotton , or  as  it  is 
usually  termed,  calico.  It  has  been 
above  stated,  that  very  few  colours  are  of 
such  a nature  as  to  combine  with  the 
fibre  without  some  intermedium  : where 
this  is  the  case,  they  constitute  what 
have  been  termed  substantive  colours : 
but  they  generally  require  the  interven- 
tion of  a base  or  mordant , and  are  called 
adjective  colours.  The  mordants  which 
are  most  frequently  resorted  to,  are,  as 
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There  are  other  circumstances  in  which  the  different  colouring-prin- 
ciples resemble  each  other,  and  which  will  be  apparent  in  the  following 
account  of  a few  of  the  most  important  of  them  : they  are  generally 
impaired  or  destroyed  by  the  continuous  action  of  light,  especially  if 
aided  by  moisture  and  a certain  temperature : they  are  also  destroyed  by 
chlorine,  and  by  peroxide  of  hydrogen,  and  some  other  compounds  in  which 
oxygen  is  very  loosely  retained,  and  also  by  a few  of  the  acids  : among 
these,  sulphurous  acid  is  the  most  remarkable.  The  art  of  bleaching 
depends  'upon  these  properties,  by  which  various  colouring-matters  are 
decomposed  and  destroyed,  or  converted  into  colourless  compounds. 

As  far  as  their  use  in  the  arts  is  concerned,  the  red , yellow , and  bine 


has  already  been  remarked,  salts  of  alu- 
mina, iron,  and  tin.  The  substance  to 
be  dyed  is  first  impregnated  with  the 
mordant,  and  then  passed  through  a 
solution  of  the  colouring-matter,  which 
is  thus  fixed  in  the  fibre,  and  its  tint  is 
often  modified  or  exalted  by  the  opera- 
tion. That  a considerable  portion  of  the 
mordant  is  retained  in  the  fibre  of  the 
calico  or  cloth  dyed,  has  been  proved  by 
the  experiments  of  Dr.  Ure.  lie  found 
that  100  parts  of  the  ashes  of  Turkey- 
red  calico  (dyed  by  an  alum  mordant) 
afforded  between  10  and  17  parts  of 
alumina ; whereas  the  ashes  of  white  and 
washed  calico  only  afforded  a trace  of 
that  earth.  (See  two  papers,  by  Dr. 
Ure,  on  the  incinerated  ashes  of  cotton- 
wool and  calico  dyed  by  the  Turkey- 
red  process.  Quart.  Journ .,  xxi.  28 — 
297.) 

Calico-printing , which  is  a more  re- 
fined and  difficult  branch  of  the  art,  is  a 
species  of  topical  dyeing.  In  this  pro- 
cess adjective  colours  are  almost  always 
employed.  The  mordants,  the  principal 
of  which  are  acetate  of  alumina,11  and 
acetate  of  iron,  are  first  applied  to  the 
calico  by  means  of  wooden  blocks  or 
copper -plates,  upon  which  the  requisite 
patterns  are  engraved.  The  stuff  is 
then  passed  through  the  colouring-batli, 
and  afterwards  exposed  on  thebleacliing- 
ground,  or  washed.  The  colour  flies 
from  those  parts  which  have  not  received 
the  mordant,  and  is  permanently  re- 
tained on  those  parts  only,  to  which  the 
mordant  has  been  applied : variety  of  co- 
lours is  produced  by  employing  various 
mordants,  and  different  colouring-ma- 
terials, aud  by  using  them  in  various 
states  of  dilution. 

White  spots  upon  a dark  ground  are 
sometimes  produced  by  covering  the 
parts  with  wax,  pipe-clay,  or  other  ma- 
terials, which  prevent  the  contact  of 
the  colour ; or  citric  acid,  thickened 


with  gum,  is  applied  like  a mordant  with 
the  block  or  plate,  and  prevents  the 
retention  of  the  colour.  Sometimes  the 
colour  is  discharged  in  places,  by  the 
application  of  chlorine,  a process  well 
illustrated  in  what  are  called  Bandana 
handkerchiefs,  of  which  an  account  will 
be  found,  by  Dr.  Ure,  in  the  fifteenth 
volume  of  the  Quarterly  Journal.  There 
is  also  an  interesting  series  of  papers  on 
the  subject  of  calico-printing,  in  the 
Records  of  Science,  edited  by  Dr.  Thom- 
son, from  which  some  idea  may  be 
formed  of  the  refined  and  complex  che- 
mical operations  which  have  been  suc- 
cessfully applied  to  the  perfection  of 
that  beautiful  art. 

Besides  the  vegetable  colours  which 
are  enumerated  in  the  text,  and  very 
many  others  which  are  occasionally  re- 
sorted to,  and  their  various  mixtures , by 
which  an  infinite  variety  of  compound 
colours  are  obtained,  metallic  colours  are 
constantly  employed  both  in  dyeing  and 
calico-printing.  These  colours  are  not 
only  infinitely  various,  but  often  admi- 
rably adapted  to  the  processes  of  the 
art.  Thus  the  attraction  of  oxide  of 
iron  for  different  fibres,  which  renders  it 
of  such  importance  as  a mordant,  ena- 
bles the  dyer  and  printer  to  avail  them- 
selves of  Prussian-blue : and  with  other 
metallic  mordants,  such  as  oxide  of  lead, 
copper,  &c.,  the  ferrocyanuret  of  po- 
tassium, iodide  of  potassium,  chromate 
of  potassa,  arsenio-sulphurets,  and  va- 
rious other  salts,  become  the  sources  of 
a great  variety  of  beautiful  colours. 

Instead  of  first  applying  the  mordant, 
and  afterwards  the  colouring-material, 
they  are  occasionally  both  printed  to- 
gether, but  in  these  cases,  particular 
management  is  requisite  in  the  selection 
of  the  substances  employed,  and  in  the 
mode  of  their  application  : when  this 
method  is  resorted  to,  the  colour  is  often 
fixed  by  the  application  of  steam  at  212°. 
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colouring-matters  are  the  most  important ; and  from  these,  the  following 
may  be  selected  for  more  particular  description,  on  account  of  their 
applications  and  chemical  properties. 

A.  Reds. — 1.  Madder.  The  plant  which  furnishes  this  valuable 
dye-stuff,  ( Rubia  iinctorum ; Linn .,)  is  common  in  the  South  of  Europe, 
and  in  many  parts  of  the  Levant,  and  is  largely  cultivated  in  Holland : 
it  grows  to  about  three  feet  in  height,  and  has  a long  spreading  fibrous 
root,  which  is  the  part  used  in  dyeing.  It  is  carefully  dried  and  cleaned, 
and  afterwards  ground  into  a coarse  powder,  which  is  of  a dingy  red  or 
orange  colour,  and  very  apt  to  he  deteriorated  by  moisture.  The  le  van- 
tine  madder,  called  ligari , allizari , azole , has  a finer  colour  than  the 
Hutch,  but  the  latter  is  more  carefully  prepared  and  dried.  When  cold 
water  is  digested  upon  madder,  it  dissolves  gum,  sugar,  yellow  extractive, 
and  free  malic  acid  : the  residue,  boiled  in  water,  with  a small  addition 
of  carbonate  of  soda,  yields  a dark-red  decoction,  from  which  sulphuric 
acid  throws  drown  the  red  colouring-matter : it  may  be  purified  by  dry- 
ing it  upon  blotting-paper,  and  solution  in  alcohol : to  the  filtered  tincture 
a little  carbonate  of  potassa  is  added  to  separate  sulphuric  acid,  and 
when  poured  off  from  the  precipitated  sulphate  of  potassa,  and  evapo- 
rated, it  leaves  the  colouring-principle  in  the  form  of  a confused 
crystalline  mass.  (Kuhlmann,  Ann.  de  Chun,  et  Phys .,  xxiv.,  225.) 
From  this  colouring-matter,  Colin  and  Robicjuet  have  obtained  a crystal- 
lizable  substance,  which  they  call  Alizarine , ( Ann . de  Chun . et  Phys. 
xxxiv.  225.)  There  are  several  processes  for  its  preparation,  the  simplest 
of  which  appears  to  be  the  following,  suggested  by  Zenneck,  (Quart. 
Jour.  N.  A.,  v.,  198)  : — Digest  ten  parts  of  finely-powdered  madder  with 
four  parts  of  ether,  in  a close  flask ; the  clear  solution  is  to  be  distilled 
until  the  residue  is  thick  like  a syrup,  and  then  dried  upon  plates  in  the 
open  air,  powdered,  and  sublimed.  The  sublimation  is  to  be  effected  in 
a watch-glass,  or  a metallic  capsule,  covered  by  a very  low  cone,  on 
which  the  vapours  are  to  be  condensed ; the  layer  of  matter  to  be  sub- 
limed must  be  thin,  and  the  distance  through  which  the  vapours  have 
to  pass  as  small  as  possible ; a little  cotton  should  be  placed  at  the 
orifice  in  the  summit  of  the  condensing-cone,  and  the  heat  applied 
moderate,  especially  at  the  commencement. 

Alizarine , well  sublimed,  is  in  very  brilliant,  diaphanous,  yellowish- 
red,  acicular,  quadrangular  crystals ; they  are  soft,  flexible,  heavier  than 
water  ; have  an  acid  taste,  soften  when  heated,  sublime  at  the  tempera- 
ture of  boiling  oil,  and  then  occasion  a peculiar  aromatic  odour.  It  is 
nearly  insoluble  in  cold  water.  At  common  temperature,  one  part  dis- 
solves in  210  of  alcohol,  and  in  160  of  ether.  It  combines  with  and 
dissolves  in  alkalis,  forming  violet  solutions  ; and,  in  fact,  has  all  the 
properties  of  an  acid.  It  even  passes  to  the  positive  pole  of  the  voltaic 
pile ; and  when  boiled  with  metallic  zinc,  causes  its  oxidation,  and  then 
unites  with  it  j 100  parts  combine  with  and  saturate  350  parts  of  oxide 
of  lead  : so  that  it  has  a greater  saturating  power  than  oxalic  acid.  Its 
composition  per  cent,  is  given  as  18  carbon,  20  hydrogen,  and  62  oxygen. 

2.  Safflower  is  the- term  given  to  the  petals  of  the  Carthamus  tinc- 
torius , or  Bastard  saffron  : it  is  cultivated  in  Spain,  and  in  many  parts 
of  the  Levant,  whence  it  is  chiefly  imported;  but  on  account  of  its  price 
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it  is  seldom  used,  except  to  give  the  finishing-hue  to  some  silks,  and  in 
the  preparation  of  the  article  called  rouge.  Safflower  contains  two 
colouring-matters,  a yelloiv  and  a ret/,  and  as  the  former  spoils  the  tint 
of  the  latter,  it  is  removed  by  washing  the  safflower  in  a linen  hag,  in  a 
stream  of  pure  cold  water : the  residue  yields  the  red  colour,  by  digestion 
in  a cold  solution  of  carbonate  of  soda,  from  which  it  may  be  precipitated 
by  a weak  acid,  lemon-juice  being  preferred.  Good  safflower  affords 
about  5 per  cent,  of  this  product,  which,  according  to  Dobereiner,  is  a 
peculiar  acid,  ( carthamine , carthaniic  acid.)  It  is  insoluble  in  pure  and 
in  acidulated  water,  and  in  oils ; sparingly  soluble  in  alcohol  and  ether ; 
yields  a yellow  solution  with  alkalis;  and  with  soda  a colourless  crystal- 
line salt,  which  acids  instantly  redden.  This  colouring-matter  is  easily 
bleached  : when  mixed  with  talc  in  fine  powder,  it  forms  common  rouge. 

3.  Nicaragua,  Peach,  Brazil,  Fernambouc,  and  Sapan  Wood. 
These  are  the  woods  of  certain  species  of  Caesalpina : they  give  out  their 
colouring-matter  to  water : it  is  of  different  tints  of  red  and  pink,  be- 
coming yellow  by  acids,  and  blue  or  purple  by  alkalis,  and  easily  bleached. 
It  is  soluble  in  alcohol.  The  infusion  in  weak  citric  or  phosphoric  acid 
is  a good  yellow  dye.  Various  tints  of  violet,  red,  and  purple,  may  be 
obtained  by  the  action  of  acids  and  alkalis.  The  salts  of  iron  render  it 
deep  blue.  It  is  the  colouring-matter  of  red  ink , which  is  usually  made 
by  boiling  about  two  ounces  of  Brazil-wood  in  a pint  of  water  for  a 
quarter  of  an  hour,  and  adding  a little  gum  and  alum.  (The  finest  red 
ink  is  that  procured  by  digesting  cochineal  in  a very  weak  solution  of 
ammonia.)  Nitromuriate  of  tin  carries  down  the  greater  part  of  the 
colour  of  infusion  of  Brazil-wood,  and  alumina  forms  with  it  variously 
tinted  lakes.  The  infusion  of  peach-wood  is  very  well  adapted  for  ex- 
temporaneous illustrations  of  the  art  of  dyeing  and  calico-printing. 
Besides  colouring-matter,  the  aqueous  infusion  of  Brazil-wood  contains 
free  acetic  acid,  tannin,  and  acetates  of  potassa  and  lime,  with  a trace  of 
volatile  oil. 

4.  Logwood,  Campeachy-wood.  This  is  the  wood  of  the  Hcema- 
ioxylon  campechianum , a large  tree  which  grows  in  various  parts  of  the 
West  Indies,  and  especially  on  the  Bay  of  Campeachy,  and  along  the 
American  continent.  It  is  largely  imported  from  Jamaica,  as  a dye-stuff. 
It  has  a sweetish  astringent  taste,  and  a peculiar  odour : an  extract  pre- 
pared from  it  is  used  in  medicine.  It  contains,  according  to  Chevreul,  a 
peculiar  colouring-principle,  which  he  has  termed  Hematin , and  which 
may  be  obtained  as  follows. 

On  the  watery  extract  of  logwood,  digest  alcohol  for  a day,  filter  the 
solution,  evaporate,  add  a little  water,  evaporate  gently  again,  and  then 
leave  the  liquid  at  rest.  Hematin  is  deposited  in  small  orystals,  which, 
after  washing  with  alcohol,  are  brilliant,  and  of  a reddish- white  colour. 
Their  taste  is  bitter,  and  astringent. 

Hematin  forms  an  orange-red  solution  with  boiling  water,  becoming 
yellow  as  it  cools,  but  recovering,  when  heated,  its  former  hue.  Alkali 
converts  it  first  to  purple,  then  to  violet,  and  lastly,  to  brown : in  which 
state  it  seems  to  be  decomposed.  Metallic  oxides  unite  with  it,  forming 
blue  compounds.  Gelatin  throws  down  reddish  flocculi.  Protomuriate 
of  tin  renders  it  lilac. 
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Logwood-shavings  yield  their  colour  to  water  and  alcohol : the  latter 
extracts  it  more  readily  than  water.  The  colour  of  its  dyes  is  red,  in- 
clining to  violet  or  purple.  Its  aqueous  decoction,  left  to  itself,  becomes 
yellowish,  and  at  length  black.  Acids  turn  it  yellow;  alkalis  deepen  its 
colour,  and  give  it  a purple  hue.  Stuffs  would  take  only  a slight  and 
fading  colour  from  decoction  of  logwood,  if  they  were  not  previously  pre- 
pared with  aluminous  mordants.  A blue  colour  may  he  obtained  from 
it,  by  the  addition  of  verdegris ; hut  the  great  consumption  of  logwood 
is  for  blacks , which  are  obtained  by  alum  and  iron  bases,  and  of  any 
requisite  degree  of  intensity. 

5.  Red  Sandal,  or  Saunders  Wood,  is  the  produce  of  the  Pterocarpus 
santalinus , and  contains  a deep-red  colouring-matter,  which  is  insoluble 
in  pure  water,  but  which  may  be  extracted  by  alcohol  and  by  alkalis. 
When  its  alcoholic  solution  is  evaporated,  it  remains  in  the  form  of  a 
red  resin,  fusible  at  212°,  and  soluble  in  ammonia  or  carbonate  of 
ammonia,  from  which  solutions  of  it  may  he  precipitated  by  muriatic  acid  : 
it  is  also  soluble  in  acetic  acid.  Fine  purple  precipitates  are  thrown  down 
in  its  alcoholic  solution  by  protochloride  of  tin  and  by  subacetate  of  lead, 
deep  violet  by  sulphate  of  iron,  scarlet  by  corrosive  sublimate,  and  brown 
by  nitrate  of  silver.  Ether  dissolves  the  colouring-matter  of  this  wood 
more  perfectly  than  alcohol,  and  water  throws  it  down  from  the  latter. 
The  acetic  solution  of  it  causes  an  orange-coloured  precipitate  with 
gelatine.  (Pelletier,  Jour,  de  Pliys .,  Ixxix.,  268.) 

6.  Alkanet  is  the  root  of  the  Anchusa  tinctoria , a sjjecies  of  bugloss , 
which  is  a native  of  the  warmer  parts  of  Europe,  and  cultivated  in  our 
gardens.  The  greatest  quantities  are  raised  in  Germany  and  France. 
This  root  imparts  a deep  red  colour  to  alcohol,  oils,  wTax,  and  all  unctuous 
substances.  Its  colouring-principle  ( alcannin , see  Pelletier,  Jour,  de 
Phys .,  Ixxix.,  278,  and  John,  Chem.  Schrift .,  iv.),  may  he  obtained  by 
the  evaporation  of  its  ethereal  tincture,  or  by  precipitating  its  solution  in 
carbonated  alkalis  by  a dilute  acid.  It  is  insoluble  in  water,  but  soluble 
in  alcohol  and  ether,  and  in  the  fat  and  volatile  oils,  to  which  it  imparts 
a fine  red.  Its  alcoholic  solution  is  imperfectly  decomposed  by  water. 
The  alkalis  render  it  blue,  and  the  acids  restore  its  red.  It  is  precipitated 
crimson  by  solution  of  protochloride  of  tin ; blue,  by  subacetate  of  lead ; 
dark -violet,  by  the  salts  of  iron ; and  pale-red,  by  corrosive  sublimate. 

The  principal  use  of  alkanet  root  is,  that  of  colouring  oils,  unguents, 
and  lip-salves.  Wax  tinged  with  it,  and  applied  on  warm  marble,  stains 
it  of  a flesh-colour,  which  sinks  deep  into  the  stone ; the  spirituous 
tincture  gives  it  a deep  red  stain. 

As  the  colour  of  this  root  is  confined  to  the  hark,  and  the  small  roots 
have  more  bark  in  proportion  to  their  bulk  than  the  great  ones,  these  also 
afford  most  colour. 

7-  Archil,  Rocella,  Orselle.  This  is  a whitish  lichen,  growing 
upon  rocks  in  the  Canary  and  Cape  Yerd  Islands,  which  yields  a purple 
tincture,  fugitive,  but  extremely  beautiful.  This  weed  is  imported  as  it 
is  gathered : those  who  prepare  it  for  the  dyer,  grind  it  so  as  to  bruise, 
hut  not  reduce  it  into  powder,  and  then  moisten  it  occasionally  with  urine 
mixed  with  quicklime : in  a few  days  it  acquires  a blue  colour ; in  the 
first  state  it  is  called  archil , in  the  latter  lacmus  or  litmus.  The  term 
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Cudbear  is  also  often  applied  to  this  dye-stuff,  a term  said  to  be  derived 
from  the  name  of  its  discoverer,  Cuthbert  Gordon. 

The  chief  use  made  of  archil  is  for  giving  a bloom  to  other  colours, 
which  is  effected  by  passing  the  dyed  cloth  or  silk  through  hot  water 
slightly  impregnated  with  it.  This  bloom  fades  upon  exposure  to  air : 
solution  of  tin  renders  it  more  durable,  and  its  colour  is  at  the  same  time 
changed  toward  a scarlet.  Prepared  archil  gives  out  its  colour  to  water, 
alkalis  and  alcohol*. 

Litmus  is  used  as  a test , either  by  staining  paper  with  it,  or  by  infusing 
it  in  water,  when  it  is  very  commonly  called  tincture  of  turnsole.  The 
persons  by  whom  this  article  was  prepared,  formerly  gave  it  the  name  of 
turnsole,  pretending  that  it  was  extracted  from  the  turnsole,  Heliotropium 
tricoccum , in  order  to  keep  its  true  source  a secret.  The  light  of  the  sun 
docs,  however,  turn  it  red,  even  in  close  vessels.  This  tincture  may 
be  made  with  spirit  instead  of  water.  The  tincture,  or  paper  stained 
with  it,  is  presently  turned  red  by  acids : and  if  it  be  first  reddened  by  a 
small  quantity  of  vinegar,  or  some  wreak  acid,  its  blue  colour  will  be 
restored  by  an  alkali.  (Ure’s  Dictionary .) 

8.  Chica  Red  is  the  colouring  matter  obtained  from  a species  of 
Bignonia , and  used  by  the  American  Indians  to  colour  the  skin.  It  is 
soluble  in  water,  alcohol,  and  ether.  (Boussingault,  Ann.  cle  Chun,  el 
Phys .,  xxvii.,  315.) 

9.  Animal  Reds.  Cochineal  Red;  Lac  Red;  Kermes.  These 
substances  are  principally  used  in  conferring  upon  woollen  cloth  the  colour 
commonly  called  scarlet.  Cochineal  is  a small  insect  brought  from  Mexico, 
where  it  is  found  upon  different  species  of  the  Opuntia.  The  nature  of 
this  colouring  matter  has  been  investigated  by  MM.  Pelletier  and  Cavcn- 
tou ; it  is  united  in  the  insect  with  a peculiar  animal  matter,  fat,  and 
some  saline  substances ; they  separated  it  by  exposing  a strong  alcoholic 
tincture  of  cochineal  to  spontaneous  evaporation ; it  deposited  a crystal- 
line matter,  which  was  redissolved  in  alcohol  and  the  solution  mixed  with 
its  bulk  of  sulphuric  ether ; this  caused  it  in  a few  days  to  deposit  the 
pure  colouring-principle,  which  they  call  Carminium  : Dr.  John  has  pro- 
posed for  it  the  term  Coccinellin.  This  substance  is  fusible  at  about 
120°,  very  soluble  in  water,  less  so  in  alcohol,  and  insoluble  in  ether; 
the  acids  change  its  colour  from  purple  to  pale-red  or  yellow:  the  alkalis 
render  it  violet ; and  its  colour  is  impaired  by  most  saline  solutions.  It 
readily  combines  with  alumina,  forming  a beautiful  lake  or  carmine.  He 


* It  was  the  colouring-matter  for- 
merly used  for  tinging  the  spirit  in 
thermometer-tubes,  but  was  very  liable 
to  fade.  The  Abbe  Nollet  observes,  (in 
the  French  Memoirs  for  the  year  1742,) 
that  the  colourless  spirit,  upon  breaking 
the  tube,  soon  resumes  its  colour,  and 
this  fora  number  of  times  successively; 
that  a watery  tincture  of  archil,  included 
in  the  tubes  of  thermometers,  lost  its 
colour  in  three  days;  and  that  in  an 
open  deep  vessel,  it  became  colourless 
at  the  bottom,  while  the  upper  part  re- 
tained its  colour.  A solution  of  archil 


in  water,  applied  on  cold  marble,  stains 
it  of  a beautiful  violet  or  purplish-blue 
colour,  far  more  durable  than  the  colour 
which  it  communicates  to  other  bodies. 
M.  du  Fay  says,  he  has  seen  pieces  of 
marble  stained  with  it,  which  in  two 
years  had  suffered  no  sensible  change.  It 
sinks  deep  into  the  marble,  sometimes 
above  an  inch,  and  at  the  same  time 
spreads  upon  the  surface,  unless  the 
edges  be  bounded  by  wax  or  some  similar 
substance.  It  is  said  to  make  the  marble 
somewhat  more  brittle,  but  this  is  pro- 
bably erroneous. 
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obtained  from  100  parts  of  cochineal,  50  of  coccinellin,  24.5  gelatine  and 
mucous  matter,  10  waxy  fat,  14  membrane,  1.5  saline  matters. 

The  colouring-matter  of  cochineal  is  fixed  upon  wool  by  nitromuriate 
of  tin  and  tartar,  by  which  scarlets  are  produced,  and  alum  changes  the 
scarlet  to  crimson.  Cotton  and  linen  are  very  rarely  dyed  with  cochineal, 
for,  independent  of  its  great  expense,  the  colours  are  little  superior  to 
those  given  by  madder. 

Lac  is  a substance  formed  by  an  insect,  and  deposited  on  different 
species  of  trees,  chiefly  in  the  East  Indies.  The  various  kinds  of  lac 
distinguished  in  commerce,  are  stick-lac , which  is  the  substance  in  its 
natural  state,  investing  the  small  twigs  of  the  tree ; seed-lac , which  is  the 
same  broken  off* ; and  which,  when  melted,  is  called  shell-lac.  These 
substances  have  been  examined  by  Mr.  Hatchett.  The  following  table 
exhibits  their  component  parts.  (Phil.  Trans. , 1804.) 

Stick-lac.  Seed-lac.  Shell-lac. 


Resin 68  . . 88.5  . . 90.9 

Colouring-matter  . . 10  . . 2.5  . . 0.5 

Wax 6 . . 4.5  . . 4.0 

Gluten 5.5  . . 2.0  . . 2.8 

Foreign  bodies  ...  6.5  . . . . 

Loss 4.0  . . 2.5  . . 1.8 


100  100  100 


Dr.  John  has  announced  the  presence  of  a peculiar  acid  in  stick-lac, 
which  he  has  called  laccic  acid.  The  lac  was  digested  in  water,  the 
solution  evaporated,  and  the  residue  digested  in  alcohol : the  alcoholic 
solution  was  evaporated  to  dryness,  and  its  residue  digested  in  ether. 
The  evaporation  of  the  etlieric  solution  leaves  a yellow  matter,  which, 
being  again  dissolved  in  alcohol,  and  the  solution  mixed  with  water, 
deposits  a little  resin,  and  leaves  laccic  acid  in  solution,  which,  upon  the 
addition  of  acetate  of  lead,  gives  a precipitate  of  laccate  of  lead ; the 
latter  compound,  by  cautious  decomposition  by  sulphuric  acid,  affords  the 
laccic  acid. 

Laccic  acid  is  crystallizable,  of  a yellow  colour,  a sour  taste,  and 
soluble  in  water,  alcohol,  and  ether.  With  potassa,  soda,  and  lime,  it  forms 
deliquescent  soluble  laccates;  with  lead  and  mercury  it  produces  white 
insoluble  compounds ; it  occasions  no  precipitate  in  the  nitrates  of  baryta 
and  silver.  (Thomsons  System , ii,,  177-  Hr.  Pearson  obtained  a pecu- 
liar acid  from  a substance  called  white  lac , from  Madras.  He  also  has 
called  it  laccic  acid.  Phil  Trans .,  1794.)  There  are  two  preparations 
of  the  colouring-matter  of  lac  imported  from  India,  under  the  names  of 
lac  lake  and  lac  dye.  The  latter  is  by  far  the  most  valuable,  and  by 
skilful  management  may  be  employed  in  dyeing  scarlet  as  a substitute 
for  cochineal.  It  is  to  be  regretted  that  the  preparation  of  this  valuable 
dye-stuff  is  not  more  carefully  attended  to. 

Ivermes,  or  the  Coccus  ilicis , a small  insect  found  in  many  parts  of 
Asia,  and  in  the  South  of  Europe ; and  the  Coccus  Polonicus , found 
adhering  to  the  roots  of  Polygonum , and  employed  as  a dye-stuff  in 
Poland  and  in  Turkey,  also  contain  a red  colouring-principle.  The 
scarlets  and  crimsons  which  they  produce,  are  said  to  be  brilliant  and 
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permanent.  Tartar  and  solutions  of  tin  are  used  to  produce  scarlet;  and 
aluminous  bases,  and  soap,  for  crimson. 

B.  Yellows. — 1.  Quercitron  Bark.  This  is  the  bark  of  the 
Quercus  tinctoria , or  Quercus  nigra  of  North  America : it  was  first, 
introduced  into  England  by  Dr.  Bancroft,  ( Philosophy  of  Permanent 
Colours , London,  1813,)  and  is  now  one  of  our  most  important  dyeing- 
materials.  Its  colouring-principle,  which  amounts  to  about  8 per  cent., 
may  be  extracted  by  water ; a quantity  of  tannin  is  at  the  same  time 
taken  up,  which  would  be  prejudicial,  and  therefore  glue,  bladder,  or 
some  similar  gelatinous  membrane  is  added  to  the  infusion,  by  which  the 
tannin  is  abstracted.  The  yellow  colorific  extract  may  then  be  preci- 
pitated in  combination  with  alumina,  or  with  oxide  of  tin.  With  the 
salts  of  iron  it  gives  a variety  of  olive  and  drab  tints,  dependent  upon  the 
presence  of  more  or  less  tannin,  and  the  degree  of  dilution. 

2.  Fustic.  This  is  the  wood  of  the  Morns  tinctoria , a large  tree  which 
grows  in  many  parts  of  the  West  Indies,  and  on  the  American  continent. 
It  yields  9.1  colouring- matter  with  some  gallic  acid,  4 tannin,  2 gum, 
9 resin,  74  lignin.  (George,  as  quoted  by  Berzelius.)  Its  decoction  is 
orange-coloured,  and  is  improved  as  a yellow  dju,  by  the  addition  of 
gelatin.  Alkalis  deepen  its  colour,  and  acids  render  it  paler.  Acetate 
of  lead  and  protochloride  of  tin  give  deep-yellow  precipitates  with  it, 
the  tint  of  which  is  brightened  by  tartar  and  alum. 

Weld  ( Reseda  luteola).  This  is  a slender  plant,  growing  to  the 
height  of  about  three  feet,  and  cultivated  for  dyers.  When  ripe  it  is  cut 
and  dried.  Its  decoction  is  of  different  shades  of  yellow,  according  to 
its  strength.  Alkalis  deepen  its  tint,  and  acids  render  it  paler.  Alum, 
tartar,  and  solutions  of  tin,  brighten  it,  and  give  it  more  or  less  of  a deep- 
lemon  tint.  Dyers’  Broom  (the  Genista  tinctoria , Linn.,)  and  the  Ame- 
rican Golden  Hod  ( Solidago  canadensis ),  also  contain  a yellow  extractive, 
from  which  yellow  dyes  are  obtained.  A water-colour,  called  weld-yellow , 
is  much  used  by  paper-hanging  manufacturers.  It  is  the  colouring- 
matter  of  weld  precipitated  with  an  earthy  base.  It  is  prepared  as  fol- 
lows:— Into  a copper-vessel  put  four  pounds  of  fine  washed  whiting,  and 
as  much  soft-water,  and  boil  them  together,  stirring  them  with  a deal 
stick,  till  the  whole  forms  a smooth  mixture:  then  add  gradually  twelve 
ounces  of  powdered  alum,  still  stirring,  till  the  effervescence  ceases,  and 
the  whole  is  well  mixed.  Into  another  copper  put  any  quantity  of  weld, 
with  the  roots  uppermost;  pour  in  soft  water  enough  to  cover  every  part 
containing  seed;  let  it  boil,  but  not  more  than  a quarter  of  an  hour;  take 
out  the  weld,  and  set  it  to  drain;  and  pass  the  whole  of  the  liquor  through 
flannel.  To  the  hot  mixture  of  chalk  and  water,  add  as  much  of  this 
decoction  as  will  produce  a good  colour,  keep  it  on  the  fire  till  it  boils, 
and  then  pour  it  out  into  a wooden  or  earthen  vessel.  The  next  day  the 
liquor  maybe  decanted,  and  the  colour  dried  on  chalk.  (Lire’s  Dictionary.') 

4.  Annotto  (Roucou.  Orlean.)  This  article  is  procured  from  the  seeds 
of  a large  tree,  the  Bixa  orellana.  When  ripe  they  are  bruised,  soaked, 
and  beaten  into  a pulp,  which,  after  due  fermentation,  is  boiled  with 
water,  during  which  it  throws  up  a scum,  which  is  collected,  dried,  and 
made  into  cakes  or  rolls,  of  2 or  3 pounds  weight:  in  this  state  it  comes 
into  our  market  from  Cayenne,  and  other  parts  of  America.  Its  colouring- 
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matter  is  soluble  in  water,  anti  more  so  in  alcohol  and  alkaline  liquors:  it 
has  a disagreeable  smell  and  taste.  It  is  a powerful  dye,  and  is  used 
also  to  colour  various  varnishes,  and  to  give  the  deep-orange  tint  to 
Cheshire  cheese.  (Boussingault,  Ann.  de  Chim.  et  Phys .,  xxviii.,  440.) 

5.  Turmeric  is  the  root  of  the  Curcuma  longci.  It  yields  a yellow 
colour,  slightly  to  water,  but  very  abundantly  to  alcohol,  and  to  alkaline 
solutions:  the  latter  impart  to  it  a deep-brown  tint,  hence  its  use  in  the 
laboratory  as  a test.  Acids,  with  some  few  exceptions,  (such  as  the 
boracic,  and  muriatic  acid  gas,  which  tinge  turmeric  paper  brown,)  render 
it  bright  yellow.  It  is  much  used  in  cookery  to  give  yellow  tints,  and  is 
an  ingredient  in  curry -powder. 

6.  Saffron.  The  stigmata  of  the  Crocus  sativus , form  the  article 
known  in  commerce  under  this  name.  Bouillon  la  Grange  and  Vogel 
have  given  the  term  Polychroite  to  its  colouring-principle,  {Ann.  dc 
Chim.,  lxxx.,  198,)  from  the  variety  of  colours  which  it  produces  under 
the  influence  of  various  reagents.  But  Henry  (of  Paris)  has  shown  that 
polychroite  is  a compound  of  extractive  and  essential  oil,  and  that  the 
extract  alone  is  not  possessed  of  any  important  peculiarities. 

C.  Blues.  The  blue  colouring-matter  of  plants,  is  chiefly  resident 
in  the  petals  of  flowers,  but  the  fruits  and  other  parts  which  contain 
purple  or  red  juices,  may  generally  be  rendered  blue  by  the  action  of 
an  alkali,  or  other  base,  which  saturates  the  acids  that  are  present;  so 
that  the  original  colouring-principle  often  appears  in  these  cases  to  possess 
a blue  colour,  reddened  by  the  action  of  one  or  more  of  the  vegetable 
acids. 

The  colouring-matter  of  most  flowers  is  extremely  fugitive,  and  is 
generally  much  changed  by  mere  exsiccation.  They  usually  communicate 
their  colour  to  water:  the  infusion  of  blue  flowers  is  generally  reddened 
by  acids,  and  changed  to  green  or  yellow  by  alkalis;  that  oi  yellow  flowers 
is  made  paler  by  acids,  and  alkalis  render  it  brown:  the  red  infusion  of 
many  flowers  is  exalted  in  tint  by  acids;  and  changed  to  purple,  and  in 
some  instances  to  green,  by  alkalis:  so  that  probably  one  and  the  same 
principle  gives  colour  to  several  of  the  blue  and  red  flowers,  but  the  pre- 
sence of  acid  in  the  latter  produces  the  red;  the  petals  of  the  red  rose, 
triturated  with  a little  carbonate  of  lime  and  water,  give  a blue  liquor; 
alkalis  render  it  green,  and  acids  restore  the  red. 

A colouring-matter,  analogous  to  that  of  the  violet,  exists  in  the  petals 
of  red  clover,  in  the  red  tips  of  those  of  the  common  daisy,  of  the  blue 
hyacinth,  the  hollyhock,  lavender,  in  the  inner  leaves  of  the  artichoke, 
and  in  numerous  other  flowers;  reddened  by  an  acid,  it  colours  the  skin 
of  several  plums,  and  the  petals  of  the  scarlet  geranium  and  pomegranate. 
Some  flowers  which  are  red,  become  blue  by  merely  bruising  them ; this 
is  also  the  case  with  the  colouring-matter  of  red  cabbage-leaves,  and  of 
the  rind  of  the  long  radish.  Mr.  Smithson  has  suggested  that  the  red- 
dening acid  is  in  these  cases  the  carbonic,  which  escapes  on  the  rupture 
of  the  vessels  which  enclose  it. 

The  petals  of  the  common  corn-poppy , rubbed  upon  paper,  give  a 
purple  stain,  little  altered  by  ammonia  or  carbonate  of  soda,  but  made 
green  by  caustic  potassa.  The  infusion  of  poppy-petals  in  very  dilute 
muriatic  acid,  is  florid  red;  chalk  added,  renders  it  of  the  colour  of  port 
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wine;  carbonate  of  soda  in  excess  gives  the  same  colour,  but  excess  of 
potassa  changes  it  to  green  and  yellow. 

The  colouring-matter  of fruits  seems,  in  most  cases,  to  bear  a strong 
resemblance  to  that  of  flowers.  The  red  juice  of  the  mulberry  was  found 
to  exhibit  the  same  characters  as  the  colouring-principle  of  the  wild 
poppy;  carbonated  alkalis  render  it  blue,  but  caustic  potassa  changes  it  to 
green  and  yellow:  the  juice  of  red  currants,  cherries,  elder-berries,  and 
privet-berries,  and  the  skin  of  the  buckthorn-berry,  appear  to  contain  a 
similar  colouring-principle.  The  unripe  berries  of  the  buckthorn  furnish 
a juice,  which,  when  inspissated,  is  known  under  the  name  of  sap-green. 
It  is  soluble  in  water,  and  rendered  yellow  by  carbonate  of  soda  and 
caustic  potassa;  the  acids  redden  it,  and  carbonate  of  lime  restores  it  to 
green,  which  is  therefore  probably  the  proper  colour  of  the  substance. 
(Smithson,  Phil.  Trans.,  1818.)  Black  currants,  the  common  black- 
berries, the  ripe  berries  of  the  Portugal  laurel,  and  several  other  common 
fruits  and  berries,  contain  similar  colouring  matters. 

Indigo.  The  most  important  blue  colouring-matter  is  the  substance 
called  Indigo;  it  is  evidently  a vegetable  principle  sui  generis , but  from  its 
value  as  a dye-stuff',  I shall  place  it  among  the  colorific  extractive  prin- 
ciples; indeed,  in  its  original  state,  as  it  exists  in  the  sap  of  the  plants 
whence  it  is  obtained,  it  appears  to  be  as  nearly  allied  to  extractive,  as  to 
any  of  the  other  proximate  principles;  but  as  we  shall  presently  find,  its 
character  as  a proximate  principle,  and  its  ultimate  or  elementary  com- 
position, are  distinct  and  peculiar. 

Indigo  is  obtained  chiefly  from  different  species  of  Indigofer  a , an 
American  and  Asiatic  plant,  cultivated  as  a source  of  this  article ; it  is 
alsQ  obtained  from  the  Nerium  tinctorium;  and  from  some  species  of 
Isatis , or  woad.  The  dye  is  extracted  either  from  the  fresh  or  dried  plant, 
by  suffering  it  to  ferment  with  water,  during  which  it  undergoes  chemical 
changes,  which  ultimately  cause  its  deposition  in  the  form  of  a blue  fecu- 
lent deposit,  which  is  collected  and  dried.  In  regard  to  the  details  of  its 
manufacture,  two  papers  will  be  found  in  the  Quarte7'ly  Journal  of  Science , 
(vols.  v.  and  vi.,  new  series , pp.  296  and  265,)  in  which  the  principal  steps 
of  the  operation,  and  the  probable  nature  of  the  results,  are  explained. 
The  general  characters  of  indigo,  as  it  is  found  in  commerce,  are  the  fol- 
lowing: it  occurs  in  square  cakes,  or  cubical  masses  of  a deep-blue  colour, 
and  generally  containing  about  50  per  cent,  of  pure  colouring-matter, 
which  is  perfectly  insoluble  in  water;  Avhen  heated  to  between  500°  and 
600°,  it  affords  a sublimate  in  the  form  of  a blue  smoke,  which,  on  con- 
densation, forms  acicular  crystals,  amounting  in  weight  to  18  or  20  per 
cent,  of  the  original  indigo.  It  is  soluble  in  concentrated  sulphuric  acid. 
This  solution  is  usually  called  Saxon , or  liquid  blue , and  is  used  as  a sub- 
stantive colour  for  dyeing  cloth  and  silk.  Substances  which  powerfully 
attract  oxygen  render  indigo  green,  and  by  exposure  to  air,  it  again 
acquires  a blue  colour.  In  this  green  state,  indigo  is  soluble  in  the  alkalis, 
and  the  solution  is  commonly  employed  for  dyeing  calico.  A bath  for 
this  purpose  may  be  made  by  mixing  one  part  of  indigo,  two  parts  of 
sulphate  of  iron,  and  two  of  lime,  in  a sufficient  quantity  of  water : in  this 
case,  the  sulphate  of  iron  is  decomposed  by  a portion  of  the  lime.  The 
protoxide  of  iron  thus  produced  becomes  peroxidized  at  the  expense  of 
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the  indigo,  which  is  rendered  green  and  soluble  in  the  alkaline  liquor; 
cotton  steeped  in  this  solution  acquires  a green  colour,  which,  by  exposure 
to  air,  and  washing  in  water  acidulated  with  sulphuric  acid,  becomes  a 
permanent  blue.  A little  iron  or  zinc  thrown  into  diluted  sulphate  oi 
indigo  changes  or  destroys  the  colour  in  consequence  of  the  evolution  of 
hydrogen;  the  colour  is  also  quickly  impaired  and  destroyed  by  chlorine. 

The  analysis  of  indigo,  to  ascertain  the  proportion  of  colouring-matter , 
which  varies  much  in  different  samples,  may  be  performed  by  the  succes- 
sive action  of  water,  alcohol,  and  muriatic  acid.  (Chevreul,  Ann.  de 
Chim .,  lxvi.,  20.)  100  parts  of  Guatimala  indigo,  thus  treated,  afforded 
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Indigo  has  also  been  subjected  to  an  interesting  series  of  experiments 
by  Berzelius  (Ann.  de  Chim.  et  Phys .,  Nov.  et  Dec.,  1827),  who  found 
its  usual  constituents  to  be  four  distinct  substances:  viz.,  1.  gluten; 
2.  a peculiar  brown  substance,  apparently  resembling  extract ; 3.  a red 
substance,  which  gives  a white  sublimate  when  heated  in  close  vessels; 
4.  indigo  blue.  1.  The  substance  which  Berzelius  terms  Gluten ,'  is 
soluble  both  in  alcohol  and  water,  and  was  obtained  by  digesting  powdered 
indigo  in  dilute  sulphuric  acid,  neutralizing  the  solution  by  chalk,  filtering, 
evaporating  to  dryness,  and  digesting  the  residue  in  alcohol.  2.  The 
Brown  matter  was  taken  up  from  the  indigo  (freed  as  above  from  gluten) 
by  potassa,  and  neutralizing  the  solution  by  sulphuric  acid;  this  occasions 
a precipitate  containing  a peculiar  brown  matter.  3.  Upon  the  indigo, 
purified  by  dilute  acid  and  by  the  action  of  solution  of  potassa,  strong- 
alcohol  was  digested,  which  takes  up  a red  substance , insoluble  in  water 
and  alkalis,  soluble  in  concentrated  sulphuric  acid,  and  in  nitric  acid, 
and  which,  when  heated  in  vacuo,  yields  a gray  crystalline  sublimate. 
4.  The  substance  remaining  after  the  action  of  the  above  solvents  is 
the  real  colouring-matter  of  the  indigo,  or  indigo-blue , and  is  that  which 
forms  the  purple  vapour  and  sublimate  above  alluded  to.  It  forms  a deep- 
blue  solution  of  great  intensity  with  sulphuric  acid,  and  especially  with  the 
fuming  and  partly  anhydrous  acid  (Nordliausen  acid),  and  is,  in  fact,  the 
principal  ingredient  in  the  sulphuric  dyeing-liquor  already  mentioned. 

The  action  of  sulphuric  acid  upon  indigo , has  been  investigated 
by  Mr.  Crum.  (Ann.  of  Phil.,  N.  S .,  Ar.,  81).  The  concentrated  acid 
does  not  merely  dissolve  it,  but,  in  the  course  of  twenty-four  hours, 
alters  its  properties;  it  at  first  becomes  yellow,  in  consequence  probably 
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of  the  abstraction  of  the  elements  of  water,  for  much  heat  is  evolved,  and 
the  addition  of  water  instantly  restores  the  blue  tint.  Nothing  is  given  off 
or  absorbed,  nor  is  carbon  precipitated.  When  the  sulphuric  solution  is 
neutralized  by  potassa,  an  intensely-blue  precipitate  falls,  soluble  in 
water,  but  insoluble  in  saturated  solutions  of  the  salts  of  potassa;  it  was, 
therefore,  purified  by  alternate  washing  with  solution  of  acetate  of  potassa 
and  alcohol.  When  dry  it  acquires  a copper-colour,  is  very  hygrometric, 
soluble  in  140°  of  cold,  and  in  a smaller  proportion  of  hot,  water.  The 
cold  solution,  even  when  largely  diluted,  furnishes  insoluble  precipitates 
with  salts  of  potassa,  soda,  lime,  baryta,  strontia,  lead,  and  mercury. 
This  substance  has  been  called  Cerulin , and  exists  in  the  precipitate  as  a 
ceruleo-sulphate  of  potassa:  it  appears  to  be  a hydrate  of  indigo,  in  which 
one  proportional  of  indigo  is  combined  with  four  of  water. 

By  limiting  the  action  of  the  acid  upon  the  indigo  to  three  or  four 
hours  (or  at  100°  to  20  minutes),  different  results  are  obtained.  One 
part  of  purified  indigo  was  shaken  in  a phial  with  ten  of  sulphuric  acid 
till  it  became  green,  it  was  then  poured  into  water,  and  filtered.  The 
first  washings  of  the  substance  upon  the  filter  are  to  be  rejected;  but 
when  the  liquid  passes  of  a blue  colour,  solution  of  chloride  of  potassium 
may  be  added,  which  throws  down  a purple  precipitate,  called  by  Mr. 
Crum,  Phenicin  (from  This  substance  is  soluble  in  water  and 

alcohol;  it  is  converted  by  sulphuric  acid  into  cerulin;  it  is  precipitated 
by  almost  all  saline  substances  of  a purple  colour;  it  appears  to  contain 
one  proportional  of  indigo  and  two  of  water. 

Indigogene.  The  extraordinary  change  which  indigo,  or  rather  its 
colouring-principle,  undergoes  by  the  action  of  deoxidizing  agents,  has  been 
studied  by  Liebig.  {Ann.  de  Chim.  et  Phys .,  xxxv.)  He  obtained  white  or 
deoxidized  indigo  ( indigogene ),  as  follows:  1^  part  of  pure  indigo,  2 parts 
of  proto-sulphate  of  iron,  2|  parts  of  hydrate  of  lime,  and  from  50  to  60 
parts  of  water,  were  digested  together  for  24  hours  in  a close  vessel, 
which  had  previously  been  filled  with  hydrogen.  The  clear  liquor  over 
the  sulphate  of  lime  and  oxide  of  iron  had  a yellowish-red  colour,  and 
was  separated  by  a siphon  filled  with  hydrogen,  and  mixed  with  diluted 
muriatic  acid,  containing  some  sulphite  of  ammonia  dissolved;  a dense 
white  precipitate  was  formed,  becoming  blue  in  the  air.  This  was 
gathered  in  a filter  out  of  contact  of  air,  and  washed  with  boiled  water 
containing  sulphite  of  ammonia  in  solution,  and  dried  at  212°,  in  close 
vessels  through  which  a current  of  hydrogen  was  continually  passed. 
The  upper  surface  of  the  mass  became  of  a blue  colour,  but  the  lower 
remained  of  a dull-white.  This  white  substance  was  called  Indigogene. 
It  did  not  change  colour  in  dry  air,  but  under  water  became  of  a deeji- 
blue,  which,  by  drying,  assumed  a coppery  appearance.  The  blue  sub- 
stance volatilized  by  heat,  without  leaving  any  residue,  forming  purple 
vapours,  which  condensed,  when  cold,  into  crystals  differing  in  nothing 
from  sublimed  indigo.  Indigogene  dissolves  in  alkalis  without  neutra- 
lizing them:  it  is  also  soluble  in  alcohol,  but  insoluble  in  water  or  acids. 

A given  quantity  of  this  indigogene  was  acted  upon  by  ammonia, 
and  the  weight  of  the  undissolved  blue  portion  ascertained;  it  appeared 
that  the  weight  of  the  pure  portion  dissolved  was  0.404  grammes  (6.224 
grains).  The  solution  was  put  into  an  inverted  jar,  over  mercury,  and 
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oxygen  gas  gradually  passed  in  until  absorption  ceased,  and  then  the 
liquid  containing  the  precipitated  indigo  was  evaporated  to  dryness  at 
212°.  The  weight  of  the  substance  was  increased  to  0.047,  *\  e.  11.5 
per  cent . 

Not  having  obtained  indigogene  perfectly  pure,  M.  Liebig  did  not 
attempt  to  analyze  it  for  the  ultimate  composition.  He  remarks,  that 
indigo  is  perhaps  the  only  organic  body  from  which  one  of  its  constituent 
parts  may  be  taken  without  total  decomposition ; and  which,  by  oxidation, 
passes  to  the  state  of  a body  having  much  analogy  with  peroxides. 

L.  Gmelin,  in  his  Handbuch , gives  the  following  as  the  probable 
composition  of  white  deoxidized  indigo,  or  indigogene: 


Nitrogen  .... 

1 

14 

12.07 

Carbon  .... 

15 

90 

77.59 

Hydrogen  . . . 

4 

4 

3.45 

Oxygen  .... 

1 

8 

6.89 

Deoxidized  indigo  . 

1 

. . 116 

100.00 

and  if  indigo-blue  be  regarded  as  a protoxide  of  indigogene , the  following 
view  may  be  taken  of  its  composition. 


Nitrogen  .... 

1 

. 14 

. 11.29 

Crum. 

. 11.26 

De  Royer 
and  Dumas. 

. 13.74  . 

Ure. 

10.00 

Carbon  .... 

15 

. 90 

. 72.58 

. 73.22 

. 7330  . 

71.37 

Hydrogen  . . . 

4 

. 4 

. 3.23 

. 2.92 

2.80  . 

4.38 

Oxygen  .... 

2 

. 16 

. 12.90 

. 12.60 

. 10.16  . 

14.25 

Indigo-blue  . . . 

1 

124 

100.00 

100.00 

100.00 

100.00 

and  regarding  phenicin  as  a bihydrate , and  cerulin  as  a quadrihydrate  of 
indigo *,  they  will  be  constituted  as  follows: 


Nitrogen  . 

. 1 

. 14 

. 9.86 

Carbon  . . 

. 15 

. 90 

. 63.38 

Hydrogen  . 

. 6 

. 6 

. 4.22 

Oxygen 

. 4 

. 32 

. 22.54 

Phenicin  . 

. 1 

142 

100.00 

Nitrogen  . 

. 1 

. 14 

. 8.75 

Carbon  . . 

. 15 

. 90 

. 56.25 

Hydrogen  . 

. 8 

. 8 

. 5.00 

Oxygen 

. 6 

. 48 

. 30.00 

Cerulin  . . 

. 1 

160 

100.00 

Crum. 


* 64^62  * Indigo-blue  1 . 

124 

. 87.33 

. 21.49  (Water  2 . 

18 

. 12.67 

100.00  or  1 

142 

100.00 

Crum. 

5^*  ijj } Indigo-blue  1 . 

124 

. 77-5 

! agia}  Water  4 . 

36 

. 22.5 

100.00  1 

160 

100.0 

Action  of  Nitric  Acid  on  Indigo.  The  action  of  nitric  acid  on 
indigo  was  first  examined  by  Mr.  Hatchett  ( Additional  Experiments  on 
Artificial  Tannin , Phil.  Trans.,  1805).  He  found  that  this  acid,  diluted 
with  about  two  parts  of  water,  produced  much  effervescence  when  poured 
on  powdered  indigo,  and  gradually  dissolved  it;  the  solution,  evaporated 
to  dryness,  left  a yellowish  residue,  soluble  in  water,  of  an  intensely-bitter 
taste,  and  composed  partly  of  artificial  tannin,  and  partly  of  a peculiar 
bitter  principle  combined  with  ammonia. 

* According  to  Berzelius,  the  action  by  the  production  of  indigo  purple , sul- 
of  sulphuric  acid  upon  indigo  is  attended  phate  of  indigo,  and  hyposulphate  of  indigo. 
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Carbazotic  Acid.  The  action  of  nitric  acid  on  indigo  lias  subse- 
quently been  studied  by  Liebig,  who  finds  a peculiar  acid  among  the 
results  afforded  by  treating  indigo  with  excess  of  nitric  acid,  which  he 
terms  Carbazotic  acid , and  respecting  the  production  and  properties  of 
which  he  has  given  the  following  details: 

A portion  of  the  best  indigo  is  to  be  broken  into  small  fragments, 
and  moderately  heated  with  eight  or  ten  times  its  weight  of  nitric  acid,  of 
moderate  strength.  It  will  dissolve,  evolving  an  abundance  of  nitrous 
vapours,  and  swelling  up  in  the  vessel.  After  the  scum  has  fallen,  the 
liquid  is  to  be  boiled,  and  nitric  acid  added,  whilst  any  disengagement  of 
red  vapours  is  occasioned  by  it.  When  the  liquid  has  become  cold,  a 
large  quantity  of  semi-transparent  yellow  crystals  will  be  formed,  and  if 
the  operation  has  been  wrell  conducted,  no  artificial  tannin  or  resin  will 
be  obtained.  The  crystals  are  to  be  washed  with  cold  water,  and  then 
boiled  in  water  sufficient  to  dissolve  them.  If  any  oily  drops  of  tannin 
form  on  the  surface  of  the  solution,  they  must  be  carefully  removed  by 
touching  them  with  filtering-paper.  Then  filtering  the  fluid,  and  allowing 
it  to  cool,  yellow  brilliant  crystalline  plates  will  be  obtained,  which  will 
not  lose  their  lustre  by  washing.  To  obtain  the  substance  perfectly  pure, 
the  crystals  must  be  re-dissolved  in  boiling  water,  and  neutralized  by 
carbonate  of  potassa.  Upon  cooling,  a salt  of  potassa  will  crystallize,  which 
should  be  purified  by  repeated  crystallizations.  On  mixing  the  first 
mother-liquor  wdth  water,  a considerable  brown  precipitate  will  be 
obtained,  which  being  dissolved  in  boiling  water,  and  neutralized  by 
carbonate  of  potassa,  will  also  furnish  a quantity  of  the  salt.  All  the 
potassa-salt  obtained  in  these  operations  is  to  be  re-dissolved  in  boiling 
w7ater,  and  nitric,  muriatic,  or  sulphuric  acid  added ; as  the  solution  cools, 
the  peculiar  substance  will  be  observed  to  form  very  brilliant  plates  of  a 
clear  yellow  colour,  generally  in  equilateral  triangular  forms.  Sometimes 
crystals  are  not  formed  after  the  action  of  the  nitric  acid  011  the  indigo, 
in  which  case,  the  liquor  must  be  evaporated,  and  water  added,  when  the 
substance  will  precipitate,  and  must  be  purified  as  already  described. 
Four  parts  of  indigo  yield  one  of  the  pure  substance. 

When  the  substance  is  heated,  it  fuses,  and  is  volatilized  without 
decomposition ; when  subjected  to  a sudden  strong  heat,  it  inflames 
without  explosion,  its  vapours  burning  with  a yellow  flame,  and  a car- 
bonaceous residue  remaining.  It  is  but  little  soluble  in  cold  waiter,  but 
much  more  in  boiling  water;  the  solution  has  a bright-yellow  colour, 
reddens  litmus,  has  an  extremely  bitter  taste,  and  acts  like  a strong  acid 
on  metallic  oxides,  dissolving  them,  and  forming  peculiar  crystallizable 
salts.  Ether  and  alcohol  dissolve  the  substance  readily.  When  fused  in 
chlorine  or  with  iodine,  it  is  not  decomposed,  nor  does  solution  of  chlorine 
affect  it.  Cold  sulphuric  acid  has  no  action  on  it;  when  hot  it  dissolves 
it,  but  w7ater  separates  the  substance  without  alteration.  Boiling  muriatic 
acid  does  not  affect  it,  and  nitro-muriatic  acid  only  with  great  difficulty. 
These  results  show7  that  no  nitric  acid  is  present  in  the  substance,  and 
other  experiments  prove  that  no  oxide  of  nitrogen  exists  in  it;  it  contains 
no  oxalic  or  other  organic  acid,  for  when  its  salt  is  boiled  with  chloride 
of  gold,  the  latter  is  not  reduced.  When  heated  to  redness  with  oxide  of 
copper,  it  gave  a mixture  of  nitrogen  and  carbonic  acid,  in  the  exact 
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proportion  of  one  volume  of  the  former  to  five  of  the  latter.  This  was  a 
constant  result,  and  in  no  case  was  any  sulphuric  or  other  acid  left 
in  the  copper.  This  compound,  therefore,  called  carbazotic  acid , is 
represented  by  Liebig  as  destitute  of  hydrogen,  and  as  consisting  of 


Nitrogen  . . 

. 3 

• • 

42 

• • 

18.87 

Liebig. 

Mean  of  4 expts. 

. . 16.2 

Carbon  . . . 

. 15 

• • 

90 

• • 

35.71 

35.0 

Oxygen  . . 

. 15 

• • 

120 

• • 

47.82 

48.8 

1 

252 

100.00 

100.0 

The  Carbazotates  are  crystallizable,  bitter,  and  deflagrate  or  explode 
when  heated.  They  detonate  much  more  powerfully  when  heated  in 
close  vessels,  than  when  heated  in  the  air;  and  it  is  curious  to  observe, 
that  those  with  bases  yielding  oxygen  most  readily,  are  those  which 
explode  with  least  force.  By  heating  some  of  the  salts  previously  mixed 
with  chloride  of  potassium,  &c.,  to  retard  the  action,  it  appeared  that  no 
carbonic  oxide,  but  only  carbonic  acid  and  nitrogen  were  evolved  during 
their  decomposition  by  heat. 

Carbazotate  of  Ammonia  forms  very  long,  flattened,  brilliant,  yellow 
crystals,  very  soluble  in  water.  Heated  carefully  in  a glass  tube,  it  fuses, 
and  is  volatilized  without  decomposition ; heated  suddenly,  it  inflames 
without  explosion,  and  leaves  much  carbonaceous  residue. 

Carbazotate  of  Potassa  crystallizes  in  long  yellow  quadrilateral 
needles,  semi-transparent  and  very  brilliant ; it  dissolves  in  260  parts  of 
water  at  60°  Fahr.,  and  in  much  less  boiling  water : a saturated  boiling 
solution  becomes  a yellow  mass  of  needles,  from  which  scarcely  any  fluid 
will  run.  Strong  acids  decompose  it ; yet  when  an  alcoholic  solution  of 
carbazotic  acid  is  added  to  a solution  of  nitre,  crystallized  carbazotate  of 
potassa,  after  some  time,  precipitates.  Alcohol  does  not  dissolve  it. 
When  a little  is  gradually  heated  in  a glass  tube,  it  first  fuses,  and  then 
suddenly  explodes,  breaking  the  tube  to  atoms ; traces  of  charcoal  are 
observed  on  the  fragments.  This  salt  precipitates  a solution  of  the  pro- 
tonitrate of  mercury,  but  not  salts  containing  the  peroxide,  or  those  of 
copper,  lead,  cobalt,  iron,  lime,  baryta,  strontia,  or  magnesia.  The  slight 
solubility  of  this  salt  supplies  an  easy  method  of  testing  and  separating 
potassa  in  a fluid.  Even  the  potassa  in  tincture  of  litmus  may  be  dis- 
covered by  it ; for,  on  adding  a few  drops  of  carbazotic  acid,  dissolved  in 
alcohol,  to  infusion  of  litmus,  crystals  of  the  salt  gradually  separated. 
The  saturated  solution  of  the  salt  at  50°  Fahr.  is  not  troubled  by  chloride 
of  platinum.  The  salt  contains  no  water  of  crystallization.  It  was  analyzed 
by  converting  a portion  of  it  into  chloride  of  potassium  by  muriatic  acid. 
Its  composition  is, 

Liebig. 

Potassa 1 . . 48  . . 15.9  . . 1G.21 

Carbazotic  acid  . . 1 . . 252  . . 84.1  . . 83.79 

1 300  100.0  100.00 

Carbazotate  of  Soda  crystallizes  in  fine  silky  yellow  needles,  having 
the  general  properties  of  the  salt  of  potassa,  but  soluble  in  from  20  to  24 
parts  of  water,  at  59°. 
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Carbazotate  of  Lime,  obtained  like  the  salt  of  baryta,  forms  flat- 
tened quadranglar  prisms,  very  soluble  in  water,  and  detonating  like  the 
salt  of  potassa. 

Oarbazotate  of  Baryta  is  obtained  by  heating  carbonate  of  baryta 
and  carbazotic  acid  with  water.  It  crystallizes  in  quadrangular  prisms 
of  a deep  colour,  and  dissolves  easily  in  water.  When  heated,  it  fuses, 
and  is  deconrposed  with  very  powerful  explosion,  producing  a vivid  yellow 
flame:  the  explosion  is  as  powerful  as  that  of  fulminating  silver.  A 
solution  of  chloride  of  potassium,  to  which  carbazotate  of  baryta  has  been 
added,  produces  a precipitate  of  the  potash-salt,  and  not  more  than  1^ 
per  cent,  of  potash  remains  in  solution.  Carbazotate  of  baryta  contains 


Liebig. 

Liebig. 

Baryta  . . . 

1 

. 77 

. 23.5 

. 23.8  . 1 

. 77 

. 20.80 

. 20.87 

Carbazotic  acid 
Water  . . . 

1 

. 252 

. 79.5 

. 79.2  . 1 

5 

. 252 
. 45 

. 06.95 
. 12.55 

. 99.93 
. 12.50 

Dry  .... 

1 

329 

100.0 

100.0  Cryst.  1 

374 

100.00 

100.00 

Carbazotate  of  Magnesia  forms  very  long  indistinct  needles,  of  a 
clear  yellow  colour ; is  very  soluble,  and  detonates  violently. 

Proto-Carbazotate  of  Mercury  is  obtained  in  small  yellow  tri- 
angular crystals,  by  mixing  boiling  solutions  of  the  carbazotate  of  potassa 
or  soda,  and  proto-nitrate  of  mercury.  It  requires  more  than  1200  parts 
of  water  for  its  solution  : for  its  perfect  purification,  it  should  he  heated 
with  a solution  of  chloride  of  potassium,  the  insoluble  portion  separated 
whilst  the  liquid  is  hot,  and  the  peculiar  salt  allowed  to  deposit  as  the 
temperature  falls.  When  heated,  it  behaves  like  the  salt  of  silver.  It 


consists  of 

Protoxide  of  mercury  . . I 

Carbazotic  acid 1 

t 1 


Liebig. 

210 

. . 45.49 

. . 45.09 

252 

54.54 

. . 54.91 

492 

100.00 

100.00 

Carbazotate  of  Lead  may  be  formed  by  decomposing  a salt  of  lead 
by  carbazotate  of  potassa  or  soda;  it  is  a yellow  powder,  but  slightly 
soluble,  and  detonating  by  heat. 

Carbazotate  of  Copper  is  prepared  by  decomposing  sulphate  of 
copper  by  carbazotate  of  baryta;  it  crystallizes  with  difficulty,  the  crystals 
being  of  a fine  green  colour;  it  is  deliquescent;  when  heated,  it  is  decom- 
posed without  explosion,  and  even  without  inflammation. 

Carbazotate  of  Silver.  Carbazotic  acid  readily  dissolves  oxide  of 
silver,  when  heated  with  it  and  water ; and  the  solution,  gradually 
evaporated,  yields  starry  groups  of  fine  acicular  crystals  of  the  colour  and 
lustre  of  gold  ; the  salt  dissolves  readily  in  water;  when  heated  to  a certain 
degree,  it  does  not  detonate,  but  flashes  like  gunpowder. 

Indigotic  Acid.  When  indigo  is  acted  on  by  dilute  nitric  acid,  a 
peculiar  acid,  which  appears  perfectly  distinct  from  the  above,  was  obtained 
by  Chevreul,  and  has  been  examined  more  in  detail  by  Dr.  Buffi  It  has 
been  termed  Indigotic  acid. 

To  obtain  it,  nitric  acid,  of  sp.  grav.  1 .285,  was  diluted  with  rather 
more  than  its  weight  of  water,  heated  in  a retort,  and  small  portions  of 
indigo  in  fine  powder  added  as  long  as  sensible  effervescence  was  pro- 
duced ; a little  water  was  added  from  time  to  time,  to  prevent  the  forma- 


950 


INDIGOTIC  ACID. 


tion  of  carbazotie  acid.  The  yellow  liquid  was  separated,  whilst  hot, 
from  the  resinous  matter,  and  by  cooling  deposited  crystals  of  this  acid  of 
indigo.  These  were  boiled  with  oxide  of  lead,  filtered,  and  the  salt  produced 
decomposed  by  sulphuric  acid  whilst  hot ; on  cooling,  the  liquor  deposited 
the  acid  of  indigo  in  yellowish-white  crystals ; these  were  separated,  dis- 
solved in  hot  water,  neutralized  by  carbonate  of  baryta,  the  solution 
concentrated,  and  allowed  to  cool ; yellow  acicular  crystals  of  a barytic 
salt  were  obtained,  which,  being  washed  with  cold  water,  dissolved  in 
hot  water,  and  decomposed  by  acids,  gave  acicular  crystals  of  this  acid  of 
indigo,  white  as  snow ; they  were  collected,  and  washed  upon  a filter,  and 
shrank  into  a small  space  when  dry,  losing  almost  entirely  their  crystal- 
line aspect. 

Indigotic  acid  is  white,  having  the  lustre  of  silk  ; it  has  a weak,  acid, 
bitter  taste,  reddens  litmus,  dissolves  in  any  quantity  in  boiling  water  or 
alcohol,  forming  colourless  solutions,  but  requires  1000  parts  of  cold  water 
for  its  solution.  It  is  volatile,  and,  being  heated  in  a tube,  fuses  and 
sublimes  without  decomposition.  When  the  fused  acid  is  cooled,  it 
crystallizes  in  six-sided  plates.  In  the  air  it  burns  with  a bright  flame, 
evolving  much  smoke.  Nitric  acid  changes  it  into  carbazotie  acid. 
Neither  chlorine,  nor  solution  of  chlorine,  has  any  effect  upon  it.  It 
gives  a blood-red  colour  to  solutions  of  the  persalts  of  iron. 

When  decomposed  by  heat  and  oxide  of  cojiper,  it  yields  nitrogen  and 
carbonic  acid;  the  proportions  of  these  gases  in  volume  being  1 and  15. 
These  are  exactly  the  same  proportions  which,  according  to  Mr.  Crum 
and  Dr.  Buff,  are  given  by  pure  indigo  itself : so  that  the  nitrogen  and 
carbon  are  probabty  in  the  same  relation  both  in  indigo  and  the  acid  of 
indigo.  Dumas  also  states  that  the  indigotic  acid  may  be  regarded  as 
an  oxide  of  indigo,  but  different  authorities  differ  as  to  its  equivalent. 
According  to  Buff,  the  neutral  indigotate  of  lead  consists  of  37-38  oxide 
of  lead  + 62.62  indigotic  acid,  and  accordingly  the  equivalent  180  may  be 
assumed  as  that  of  indigotic  acid,  and  it  may  be  regarded  as  containing 


Duff. 

Dumas. 

Nitrogen  . . 

1 

. . 14 

775 

7-588 

7.73 

Carbon  . . . 

15 

. . 90 

50.00 

. . 49.575 

. . 48.23 

Hydrogen  . . 

4 

4 

2.25 

• • 

2.76 

Oxygen  . . 

9 

72 

. . 40.00 

. . 42.837 

. . 41.28 

1 

180 

100.00 

100.000 

100.00 

Indigotate  oe  Ammonia  forms  yellow,  transparent,  acicular  prisms, 
much  resembling  the  carbazotate  of  potassa,  partly  volatile  without  de- 
composition, and  easily  soluble  in  water. 

Indigotate  of  Potassa.  Orange-coloured,  silky,  opaque,  clustered 
needles,  anhydrous,  and  very  soluble. 

Indigotate  of  Soda.  Yellow,  and  very  soluble. 

Indigotate  of  Baryta.  When  carbonate  of  baryta  is  boiled  in  a 
solution  of  indigotic  acid,  and  filtered,  a yellow  bitter  solution  is  obtained, 
which  yields  yellow  anhydrous  fibrous  crystals,  composed  of  (B  + 1<| 
ind'.)  Ammonia  added  to  this  solution  throws  down  a yellow  powder, 
consisting  of  (5  B-j-a  indf.) 

Indigotate  of  Lime,  of  Strontia,  and  of  Magnesia,  are  yellow  and 
soluble  salts. 
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Indigotate  of  Lead  is  thrown  down  in  the  form  of  a bulky  paie- 
vellow  precipitate,  when  a solution  of  indigotate  of  potassa  is  gradually 
added  to  excess  of  a hot  solution  of  nitrate  of  lead.  When  washed  with 
cold  water,  and  dried  at  212°,  it  forms  a pale-yellow  crystalline  mass, 
rather  more  soluble  in  cold  water  than  indigo  tic  acid,  and  easily  soluble 
in  hot  water. ' When  digested  in  ammonia  it  becomes  a yellow  insoluble 
subsalt.  These  indigotates  of  lead  consist  of 

Buff.  Buff. 

Oxide  of  lead  1 . 112  . 38.3  . 37.38  . 2 . 224  . 55.5  . 5G.14 

Indigotic  acid  1 . 180  . 61.7  . 62.62  . 1 . 180  . 44.5  . 43.86 

Neutral  . . 1 292  100.0  100.00  Subsalt  1 404  100.0  100.00 

Indigotate  of  Iron.  Indigotic  acid  dissolves  hydrated  peroxide  of 
iron,  and  forms  a salt  which  may  be  obtained  in  dark-red,  or  nearly  black 
crystals,  slowly  soluble  in  cold  water.  The  solution  is  dark-red. 

Indigotate  of  Copper.  Oxide  of  copper  is  soluble  in  indigotic  acid. 
The  salt  separates  from  its  solution  in  boiling  water,  in  the  form  of  a 
green  flocculent  precipitate. 

Indigotate  of  Mercury.  Indigotate  of  potassa  produces  a pale- 
yellow  precipitate  in  protonitrate  of  mercury,  which  is  insoluble  in  cold, 
and  sparingly  soluble  in  boiling  water.  From  Buff’s  analysis  it  appears 
to  be  a sesquisalt  ==  (IIg  + 1^  I7ld ;.) 

Indigotate  of  Silver.  Solution  of  indigotic  acid  readily  dissolves 
oxide  of  silver : the  solution  blackens  when  long  boiled.  (Chevreul.) 
Neither  indigotic  acid,  nor  indigotate  of  potassa,  produce  any  precipitate 
in  nitrate  of  silver.  Indigotate  of  silver  forms  pale-red  acicular  crystals, 
difficultly  soluble  in  cold  water.  (Buff.) 

§.  XI.  Fixed  or  Fat  Oils.  Wax. 

The  proximate  principles  that  we  are  now  about  to  examine,  are  those 
in  which  hydrogen  predominates  (p.  891),  and  which  are  characterized 
by  the  readiness  with  which  they  burn  with  flame  : they  are  ternary  com- 
pounds of  carbon,  hydrogen,  and  oxygen,  and  are  applicable  to  numerous 
useful  purposes. 

Fixed  Oils  are  generally  obtained  by  pressure  from  certain  seeds, 
such  as  the  almond,  linseed,  and  many  others,  and  from  the  olive.  The 
specific  gravity  of  the  fixed  oils  is  below  that  of  water,  varying  from  0.918 
to  0.936.  They  are  viscid  or  unctuous,  and  insipid,  or  nearly  so  ; they 
generally  congeal  at  a temperature  not  so  low  as  that  required  to  freeze 
water,  though  a few  remain  liquid  at  very  low  temperatures.  This  is  the 
case  with  linseed  oil.  A few  of  them  are  solid  at  the  ordinary  temperatures, 
and  have  been  called  vegetable  butters.  They  are  insoluble  in  water,  but 
by  the  aid  of  mucilage  may  be  diffused  through  it,  forming  emulsions. 

If  oil,  which  has  been  congealed  by  cold,  be  submitted  to  pressure 
between  folds  of  bibulous  paper,  a dry,  concrete,  fatty  matter  is  obtained, 
which  Chevreul  has  called  Stearine *,  (from  anx^  tallow ,)  the  paper 
absorbs  a fluid  matter,  which  does  not  congeal  at  a much  lower  tempe- 


* According  to  Lecanu  (Ann.  de  Chim. 
et  Phys.,  lv.,  192),  the  stearine  of  vege- 


table oils  differs  from  that  of  animal 
fats,  and  is  analogous  to  margarine. 
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rature,  and  which,  though  it  does  not  become  rancid,  acquires  viscidity 
by  exposure  to  air.  This  fluid  part  he  has  called  Elaine  or  Olein , (from 
eA xiov,  oil.)  The  relative  proportions  of  these  principles  differ  in  the 
different  oils.  (Ann.  de  Chun.,  tom.  xciii.  xciv.)  See  Animal  Oils. 

The  greater  number  of  the  fixed  oils  undergo  little  other  change  by 
exposure  to  air  than  that  of  becoming  somewhat  more  viscid,  and 
acquiring  a degree  of  rancidity.  In  this  state  they  contain  free  acid,  and 
redden  vegetable  blues.  Some  few,  such  as  linseed  and  nut  oil,  and  the 
oils  of  the  poppy  and  hempseed,  become  covered  with  a pellicle,  and, 
when  thinly  spread  upon  a surface,  instead  of  remaining  greasy,  become 
hard  and  resinous ; these  are  termed  drying  oils , and  their  drying 
quality  is  much  improved  by  boiling  them  upon  a small  quantity  of 
litharge.  The  quantity  of  oxygen  absorbed  by  some  of  the  oils  is  very 
considerable.  Saussure  exposed  nut  oil,  for  eight  months,  to  oxygen  gas ; 
at  first  the  absorption  was  trifling,  but  in  the  course  of  ten  days  it  had 
taken  up  GO  times  its  volume,  and  in  three  months  145  times  its  volume, 
the  absorption  being  most  rapid  in  warm  weather.  It  is  well  known 
that  cotton  and  hemp,  soiled  with  certain  oils,  are  liable  to  spontaneous 
ignition  ; and  Berzelius  plausibly  refers  the  phenomenon  to  the  heat 
excited  by  the  absorption  of  oxygen.  No  water  was  produced  in  Saus- 
sure’s  experiments,  but  carbonic  acid  was  evolved,  and  the  oil  lost  its 
greasy  character  and  assumed  a gelatinous  appearance.  (See  some 
observations  on  the  spontaneous  combustion  of  cotton  goods,  by  Dr.  M. 
Hall,  Quarterly  Journal , 0.  8.,  v.,  3G7-) 

These  oils  cannot  be  volatilized  without  decomposition,  which  takes 
place  at  a temperature  of  about  600°,  and  water  is  copiously  formed, 
attended  by  the  separation  of  carbonaceous  matter,  which  causes  the  oil 
to  blacken  and  grow  thick ; a portion  of  acetic  acid  is  also  at  the  same 
time  formed.  If  the  vapour  be  collected,  it  is  found  acrid,  sour,  and 
empyreumatic ; it  was  formerly  employed  in  pharmacy,  under  the  name 
of  'philosopher s’  oil ; and  as  it  was  often  obtained  by  steeping  a brick  in 
oil,  and  submitting  it  to  distillation,  it  was  also  called  oil  of  bricks. 
Passed  through  a red-hot  tube,  the  fixed  oils  furnish  a very  large 
proportion  of  carburet  ted  hydrogen  gas ; and  when  burned  in  the  wicks 
of  lamps  they  suffer  a similar  decomposition,  and  water  and  carbonic 
acid  are  the  products  of  their  combustion.  The  results  of  the  distillation 
of  the  fixed  oils  have  been  examined  by  Dupuy,  and  by  Bussy  and 
Lecanu.  The  former  subjected  olive  oil  to  its  boiling-point  in  a distil- 
latory apparatus ; white  vapours  passed  over,  which  condensed  into  a 
liquid  that  became  concrete  on  cooling ; a fluid  empyreumatic  oil  was  also 
formed;  and  there  remained  a scanty  portion  of  charcoal  in  the  retort. 
The  concrete  portion  was  a mixture  of  oleic  and  margaric  acids  with  a 
peculiar  acrid,  volatile  principle ; sebacic  acid,  and  another  acid  matter, 
were  also  formed. 

Bussy  and  Lccanu  (Ann.  de  Chim.  et  Phys.,  xxxi.,  xxxiii.,  and 
xxxiv.)  distilled  poppy  oil  at  a temperature  a little  below  400°;  it 
exhaled  an  acrid  odour,  and  yielded  about  one-third  its  weight  of  an  oil 
which  concreted  on  cooling,  (a  mixture  chiefly  of  margaric,  oleic,  and 
benzoic  acids.)  This  was  succeeded  by  a liquid  oil,  which  became 
turbid  on  exposure  to  air,  was  little  soluble  in  alcohol,  and  not  acted 
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upon  by  the  alkalis.  Lastly,  when  the  retort  became  recl-liot,  a solid  of 
the  colour  of  realgar  sublimed,  which  was  without  smell  or  taste,  fusible 
in  boiling  water,  and  soluble  in  boiling  alcohol  and  cold  ether.  Carbu- 
retted  hydrogen,  carbonic  oxide,  and  carbonic  acid,  were  also  produced. 

Chlorine  effects  a singular  change  in  some  of  the  fixed  oils,  converting 
them  into  a substance  resembling  hard  tallow  or  wax.  This  is  especially 
the  case  with  castor  oil.  Muriatic  acid  is  at  the  same  time  formed. 
Sulphur  and  phosphorus  are  soluble  in  the  fixed  oils ; and  with  the 
former,  linseed  oil  forms  a brown  fetid  solution,  known  in  Pharmacy  as 
balsam  of  sulphur. 

The  stronger  acids  modify  and  decompose  the  fixed  oils,  and  various 
products  are  the  result,  especially  the  stearic,  margaric,  and  oleic  acids, 
to  which  we  shall  afterwards  advert.  When  olive  oil  is  carefully  mixed 
with  sulphuric  acid,  so  as  to  avoid  the  heating  of  the  mixture,  a thick 
brown  compound  is  formed,  from  which  water  separates  the  oil  in  an 
altered  state,  and  retains  in  solution  a peculiar  compound  (of  hyposul- 
phuric  acid  and  organic  matter  ?),  which  Chevreul  has  termed  sulpho- 
adipic  acid . When  heat  is  applied  to  the  mixture  of  sulphuric  acid  and 
oil,  it  blackens,  sulphurous  acid  is  evolved,  and  a coaly  residue  containing 
artificial  tannin  remains.  (Hatchett.)  Concentrated  nitric  acid  produces 
very  complicated  changes  upon  these  oils,  and  sometimes  the  mutual 
action  is  so  energetic,  that  the  mixture  inflames : by  long  boiling  with 
dilute  nitric  acid,  malic  and  oxalic  acids  are  ultimately,  but  slowly, 
produced. 

The  fixed  alkalis  exert  a remarkable  action  upon  these  oils,  which 
terminates  in  the  formation  of  soap , and  a similar  change  is  effected, 
though  more  slowly,  by  ammonia : these  combinations  we  shall  jnesently 
revert  to.  There  are  many  other  metallic  oxides  which  appear  to  act 
more  or  less  upon  the  oils  in  the  manner  of  the  alkalis.  Sulphuret  of 
carbon,  some  of  the  hydrocarbons,  and  a few  of  the  metallic  chlorides 
also  dissolve  in  the  fixed  oils ; there  are,  however,  but  few  of  the  salts 
which  are  soluble  in  them  to  any  extent. 

The  ultimate  composition  of  the  fixed  oils  has  been  accurately  ascer- 
tained, but  there  are  two  difficulties  in  the  way  of  determining  their 
equivalents : the  one  is,  that  their  absolute  purity  is  difficultly  ensured, 
and  the  other,  that  they  do  not  combine  with  bases  without  undergoing 
change.  The  following  are  a few  of  the  results  of  these  analyses  : 

Stearin  Elain 

Olive  OH.  Linseed  Oil.  Castor  Oil.  of  Olive  Oil.  of  Olive  Oil. 

Gay  Lussac  and  Saussnre.  Ure.  Saussure.  Saussure, 

Thenard. 

Carbon  . . . 77-213  . . 76  014  . . 74.00  . . 82.17  . . 76.03 

Hydrogen  . . 13.360  . . 11.351  . . 10.20  . . 11.23  . . 11.54 

Oxygen  . . . 9.427  . . 12.635  . . 15.71  . . 6.30  . . 12.07 

100.000  100.000  100.00  99.70  99.64 

Saussure  ascribes  the  loss  in  his  analyses  to  nitrogen : he  infers  also, 
from  the  comparative  analysis  of  stearin  and  elain,  and  from  other 
results  which  I shall  afterwards  quote,  that  those  oils  which  are  most 
easily  solidified,  are  those  which  contain  the  least  oxygen,  and  that  they 
are  also  the  least  soluble  in  alcohol. 
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Tlie  fixed  oils  are  extremely  numerous,  and  many  of  them  have  been 
examined  and  described : the  following  are  a few  details  respecting  their 
principal  varieties,  abridged  chiefly  from  L.  Gmelin  and  Berzelius. 

1.  Drying  Oils.  Linseed  Oil  is  expressed  from  the  seeds  of  com- 
mon flax  ( Linum  usitatissimum .)  Cold-drawn,  it  is  greenish -yellow  and 
more  viscid  than  when  hot-drawn.  Its  specific  gravity  varies  between 
0.928  and  0.932.  It  dissolves  in  5 parts  of  boiling  alcohol,  40  of  cold,  and 
1 .6  of  ether.  A preparation  of  linseed  oil,  called  drying  oil  or  painters 
varnish , is  made  by  mixing  a quart  of  the  oil  with  about  half  an  ounce 
of  powdered  litharge,  and  a quarter  of  an  ounce  of  white  vitriol,  in  a 
glazed  pipkin,  and  heating  it  over  a gentle  fire  so  as  to  keep  it  for  4 or 
5 hours  simmering ; the  lower  the  heat,  and  the  longer  it  is  continued, 
the  better  is  the  varnish.  In  this  process,  the  greater  part  of  the  oxide 
of  lead  is  reduced.  This,  and  other  drying  oils,  and  especially  nut  oil 
form  the  basis  of  printers’  ink , the  history  of  which  will  be  found  in 
Lewis’s  Phil.  Commerce  of  the  Arts.  The  oil  is  heated  and  set  fire  to, 
and,  after  having  been  suffered  to  burn  for  half  an  hour,  is  extinguished, 
and  boiled  till  it  acquires  a due  consistency ; in  this  state  it  is  called 
Varnish , and  is  viscid,  tenacious,  and  easily  miscible  with  fresh  oil,  or 
with  oil  of  turpentine,  by  which  it  is  properly  thinned,  and  afterwards 
mixed  with  about  one-eiglith  part  of  lamp-black. 

For  white  paint  and  light  colours,  unboiled  linseed  oil  is  used:  it 
dries  slowly,  but  does  not  injure  the  colour.  There  is  a mixture  of 
drying  oil  and  mastic  varnish,  known  to  artists  by  the  term  rnagilp , of  a 
gelatinous  consistence,  and  an  excellent  vehicle  for  colours. 

Walnut  Oil,  expressed  from  the  seeds  of  the  walnut-tree,  ( Juglans 
regia ,)  has  a specific  gravity  of  about  .920  at  00° ; it  is  inodorous,  and 
as  it  dries  better  than  linseed  oil,  is  sometimes  preferred  by  painters. 

Hemp  Oil,  from  hempseed,  ( Cannabis  saliva ,)  has  an  unpleasant 
odour,  dissolves  in  all  proportions  of  boiling  absolute  alcohol,  but  requires 
30  parts  of  cold  alcohol.  It  is  much  used  in  some  parts  of  the  North  of 
Europe  to  burn,  and  for  paints. 

Poppy  Oil  expressed  from  poppy-seed,  ( Papaver  somniferum ,)  is 
bland  and  insipid.  Its  specific  gravity  — .924.  It  dissolves  in  25  of 
cold  and  6 of  boiling  alcohol,  and  is  used  in  some  parts  of  Germany  and 
France  as  a substitute  for  olive  oil. 

Castor  Oil  is  the  produce  of  the  seeds  of  the  Ricinus  communis.  It 
is  pale-yellow:  its  specific  gravity  at  55°  is  .969,  at  75°  = .957,  at  212° 
— .908.  (Saussure.)  It  has  a slightly  nauseous  odour  and  taste : it  differs, 
however,  much  in  these  respects,  and  that  which  is  at  present  used  in 
medicine,  and  which  is  cold-drawn  by  pressure,  is  less  acrid  and  purga- 
tive than  the  West  India  castor  oil,  formerly  preferred  for  medical  use, 
and  which  was  often  pressed  with  heat,  or  even  boiled  out  of  the  seeds*. 
It  congeals  at  about  0°.  Exposed  to  air  it  gradually  becomes  rancid, 
thick,  and  at  length  congeals.  It  dissolves  (in  all  proportions?)  in  abso- 
lute alcohol  and  in  ether,  by  which  foreign  substances  are  occasionally 
separated  from  it.  The  products  of  the  distillation  of  this  oil  have  been 


* Guibourt  ascribes  the  medicinal  ac- 
tivity of  castor  oil  to  a peculiar  volatile 
principle,  which  he  says  is  expelled  by 


heat,  and  considers  the  purgative  power 
of  the  cold-drawn  oil  to  exceed  that  of 
the  oil  obtained  by  aid  of  heat. 


OILS. 


955 


examined  by  Bussy  and  Lecanu  {Journal  de  P harm. , xiii.,  68);  they 
obtained  from  them  a peculiar  acid  ( ricinic  acid),  forming  with  magnesia 
and  oxide  of  lead,  salts  soluble  in  alcohol,  and  resembling  one  of  its 
products  of  saponification. 

Croton  Oil.  This,  which  is  the  expressed  oil  of  the  seeds  of  the 
Croton  tiglium , is  used  in  medicine  as  a drastic  purge.  It  has  a brown 
or  yellow  colour,  an  acrid  taste,  and  is  operative  in  doses  not  exceeding  a 
single  drop:  the  oil,  however,  as  met  with  in  commerce,  varies  much  in 
activity.  When  the  seeds  are  digested  in  ether  we  obtain,  according  to 
Ninimo,  60  per  cent,  of  their  weight  of  oil,  of  which  two-thirds  are  soluble 
in  alcohol  and  purgative;  one-third  is  bland  and  inert.  The  acrid  prin- 
ciple of  the  croton-seed  appears  to  be  acid , and  has  been  termed,  by  Pel- 
letier and  Caventou,  Iatrophic  Acid , from  erroneously  supposing  the 
seeds  to  be  the  produce  of  the  Iatropha  curcas . Brandes  has  since 
examined  the  acid,  and  calls  it  Crotonic  Acid. 

2.  Greasy  Oils.  Almond  Oil  is  expressed  from  sweet  and  bitter 
almonds:  it  is  pale-yellow,  and  becomes  colourless  when  long  exposed  to 
light:  it  soon  grows  rancid,  especially  if  in  contact  of  oxygen.  Its  specific 
gravity  at  60°  is  .91  to  .92.  When  cooled  down  to  15°  it  yields  0.24 
margarin,  and  0.76  elain:  the  latter  does  not  congeal  at  0°.  Almond  oil  is 
soluble  in  25  parts  of  cold  and  6 of  boiling  alcohol:  it  readily  dissolves  in 
ether. 

Olive  Oil  is  extracted  from  the  fleshy  part  of  the  olive  (the  fruit  of 
the  Olea  europcea).  It  is  pale-yellow,  and  its  specific  gravity  is  about 
.910  at  60°.  When  cooled  down  to  0°  and  expressed,  it  yields  about  0.28 
margarin,  and  0-72  elain:  it  often  deposits  margarin  at  common  tempera- 
tures, a portion  of  which  is  generally  found  at  the  bottom  of  the  jars  and 
casks  in  which  it  is  kept.  The  quality  of  this  oil  is  very  various:  the  best 
is  obtained  by  gentle  pressure  without  heat;  that  which  is  procured  by  the 
aid  of  heat,  and  of  a greater  degree  of  pressure,  is  called  second  oil ; and 
a very  inferior  kind  is  ultimately  extracted  by  boiling  the  expressed  cakes 
in  water.  Fine  olive  oil  is  extremely  bland  and  tasteless,  or  at  least  has 
only  a slight  nutty  flavour:  the  commoner  kinds,  (that,  for  instance,  called 
Gallipoli  oil,)  are  disagreeable  both  in  smell  and  taste.  Olive  oil  is  some- 
times adulterated  with  the  cheaper  expressed  oils,  especially  with  rape 
and  poppy  oil. 

If  pernitrate  of  mercury,  made  by  dissolving  6 parts  of  mercury  in 
7 .5  parts  of  nitric  acid  of  specific  gravity  1.36,  at  common  temperature, 
be  mixed  with  olive  oil,  in  the  course  of  a few  hours,  the  mixture,  if 
kept  cold,  becomes  solid;  but  if  mixed  with  the  oil  of  grains,  it  does  not 
solidify.  Poutet  {Ann.  de  Chim.  et  Phys.,  xii.,  58)  has,  therefore,  pro- 
posed this  as  a test  of  the  purity  of  olive  oil ; for  the  resulting  mixture, 
after  standing  twelve  hours,  is  more  or  less  solid,  as  the  oil  is  more  or  less 
pure.  The  nature  of  the  compound  formed  by  olive  oil  and  the  nitrate 
of  mercury,  has  been  examined  by  M.  F.  Boudet  {Ami.  de  Chim.  et 
Phys .,  l.,  391).  I shall  afterwards  revert  to  it. 

Rousseau  states  that  olive  oil  is  the  worst  conductor  of  electricity  of 
all  the  fat  oils,  and  suggests  a mode  of  applying  this  test  to  the  detection 
of  its  adulterations. 

Of  all  the  oils,  that  of  olives  is  least  apt  to  become  viscid  and  glutinous, 
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and  hence  is  preferred  for  greasing  delicate  machinery,  as  especially  watch 
and  clock-work.  For  this  purpose  the  elain  may  perhaps  be  preferable  to 
the  entire  oil.  Watchmakers  are  in  the  habit  of  preparing  the  oil  for  this 
purpose,  by  keeping  a piece  of  sheet-lead,  or  some  shot  in  it,  and  exposing 
it  in  a corked  bottle  to  light.  A white  matter  is  gradually  deposited,  and 
the  oil  ultimately  becomes  clear  and  colourless,  and  no  longer  affected  by 
the  metal:  this  subject  has  not  been  scientifically  investigated. 

Beech-nut  Oil.  The  decorticated  nuts  of  the  beech-tree  (beech-mast) 
yield  about  15  per  cent,  of  oil  resembling  olive  oil,  and  a larger  quantity 
when  aided  by  heat ; the  remaining  cake  is  a better  food  for  cattle  than 
common  oil-cake. 

Oil  of  Ben  is  procured  by  expression  from  the  decorticated  seeds  of 
the  Guilandia  moringa , a tree  which  grows  in  Ceylon,  Ethiopia,  Egypt, 
and  Arabia.  The  oil  is  perfectly  inodorous,  and  does  not  readily  grow 
rancid,  hence  its  excellence  for  the  preparation  of  certain  scented  oilsy 
such  as  those  of  the  jasmine,  tuberose,  &c. 

Rape  Oil  is  expressed  from  the  seeds  of  the  Brassica  nctpus , and 
rapa.  Its  specific  gravity  at  60°  is  .912.  This,  and  some  other  of  the 
fat  oils,  contains  a principle  in  solution,  which  interferes  with  its  com- 
bustibility, and  which  may  be  abstracted  by  agitating  the  oil  with  about 
2 per  cent,  of  sulphuric  acid,  and  afterwards  washing  it  with  2 or  3 parts 
of  water,  with  which  it  is  left  for  two  or  three  weeks,  at  a temperature 
between  75°  and  80°:  it  gradually  forms  a deposit,  from  which  it  is 
drawn  off,  and  filtered,  and  is  then  fit  for  burning  in  lamps.  Colsa  or 
cole-seed  oil  is  a better  kind  of  rape  oil,  extracted  from  the  Brassica 
campestris , var.  oleifera. 

Mustard-seed  Oil  is  expressed  from  the  seed  of  the  Sinapis  alba 
and  nigra:  the  bruised  seed  yields  about  one-fifth  its  weight  of  a mild, 
inodorous,  thick,  amber-coloured  oil:  specific  gravity  .915  at  60°,  soluble 
in  1 000  parts  of  alcohol  (specific  gravity  .833),  and  in  4 of  ether.  Alcohol 
extracts  from  it  a peculiar  acid  (the  sulphosinapic *),  and  a crystallizable 
fatty  matter,  which  is  not  saponifiable. 

* Sulphosinapic  acid  was  found  by  Henry 
and  Garot  (Jour,  de  Chim.  Med.  1.)  in 
mustard,  radish,  and  turnip-seed,  and 
in  the  root  of  the  horse-radish.  3 parts 
of  expressed  mustard  oil  and  4 of  strong- 
alcohol  were  mixed  and  often  shaken  to- 
gether. After  3 days  the  yellow  alcohol 
was  poured  off,  and  two-thirds  abstracted 
by  distillation:  on  cooling,  the  residue 
deposited  the  fatty  matter  above-men- 
tioned, and  the  remaining  liquid  was 
decanted  off,  and  left  to  spontaneous 
evaporation : it  now  deposited  a granular 
mass,  which  by  continuous  digestion  in 
ether,  yields  to  that  solvent  a red  fat, 
and  the  remaining  matter  (insoluble  in 
ether)  was  dissolved  in  water,  and  left 
to  spontaneous  evaporation : scattered 
crystals  were  thus  obtained,  of  a yellow 
colour,  bitter  pungent  taste,  and  sul- 
phurous odour.  The  composition  of  these 


crystals  of  Sulphosinapic  acid  is  remark- 
able, as  essentially  including  five  ele- 
mentary substances,  namely, 

Sulphur  . . . 17-33 

Carbon  . . . 49.50 

Hydrogen  . . 8.30 

Oxygen  . . . 11.91 

Nitrogen  . . . 12.9G 

100.00 

Berzelius  has  thrown  out  the  sugges- 
tion that  this  acid  may  be  a compound 
of  hyposulphurous  acid,  and  an  organic 
base.  The  Sulphosinapates  of  the  alka- 
line bases  are  crystallizable,  but  the 
equivalent  of  the  acid  • has  not  been  sa- 
tisfactorily determined.  It  yields  preci- 
pitates in  the  solutions  of  acetate  of  lead, 
protonitrate  of  mercury,  nitrate  of  silver, 
and  sulphate  of  copper. 
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3.  Concrete  Oils.  Vegetable  Butters.  The  principal  oils  of  this 
class  are  the  following. 

Cocoa-nut  Oil,  pressed,  or  boiled,  out  of  the  nut  of  the  Theobroma 
cacao.  When  washed  it  is  white,  of  a peculiar  odour,  and  of  the  consist- 
ence of  tallow:  its  specific  gravity  = .910.  It  fuses  at  about  125°.  Its 
elain  is  used  as  a lamp  oil , and  its  stearin  or  margarin  for  the  manufacture 
candles. 

Palm  Oil.  Many  of  the  palms  produce  a hard  nut,  like  the  date- 
stone,  hut  abounding  in  oil:  of  these  the  principal  are  the  Cocus  butyracea 
and  Elceis  guineensis.  These  oils  are  used  for  soap,  candles,  &c.,  and  the 
stearine  and  elain  employed  as  the  preceding. 

Nutmeg  Oil  is  the  expressed  oil  of  the  common  nutmeg;  it  is  yellow, 
and  smells  of  the  essential  oil.  It  is  largely  prepared  in  Holland,  and 
occasionally  used  in  medicine.  According  to  Schrader,  16  ounces  of  the 
concrete  expressed  oil  of  nutmeg  contain  7 of*  hard  concrete  oil,  8^  yellow 
butyraceous  oil,  and  § volatile  oil.  Cold  alcohol  dissolves  the  volatile 
and  the  soft  oil,  and  leaves  the  harder  oil.  When  nutmeg  oil  is  boiled 
in  four  parts  of  alcohol,  it  is  entirely  dissolved,  and  the  harder  fatty  por- 
tion is  deposited  as  the  solution  cools.  Marrow,  or  common  fat,  scented 
by  a little  oil  and  powder  of  nutmeg,  and  coloured  by  annotto,  is  some- 
times substituted  for  this  oil : the  fraud  is  detected  by  the  insolubility  of 
this  artificial  mixture  in  4 parts  of  boiling  alcohol.  (Bollaert,  Quarterly 
Journal , xviii.,  31  7-) 

Wax.  This  principle  exists  in  many  plants;  it  may  be  obtained  by 
bruising  and  boiling  them  in  water : the  wax  separates  and  concretes  on 
cooling.  The  berries  of  the  Myrica  cerifera , and  the  leaves  and  stem  of 
the  Ceroxylon , afford  considerable  quantities  of  wax  by  this  process. 
(Bostock,  Nicholsons  Journal , vol.  iv.,  Brande,  Phil.  Trans.,  1811.) 
The  glossy  varnish  upon  the  upper  surface  of  the  leaves  of  many  trees  is 
of  a similar  nature;  and  though  there  are  shades  of  difference,  these 
varieties  of  wax  possess  the  essential  properties  of  that  formed  by  the  bee ; 
indeed,  it  was  formerly  supposed  that  bees  merely  collected  the  wax 
already  formed  by  the  vegetable,  but  Huber’s  experiments  show  that  the 
insect  has  the  power  of  transmuting  sugar  into  wax,  and  that  it  is  in  fact 
a secretion. 

Bees’-wax.  White  wax,  or  bleached  bees’- wax*  is  colourless  and 
insipid;  its  specific  gravity  is  about  .96:  it  is  insoluble  in  water,  and 
fusible  at  a temperature  of  about  150° ; at  a higher  temperature  it  is 
converted  into  vapour,  and  may  be  distilled  with  little  other  change  than 
the  production  of  a small  portion  of  stearic  acid,  and  at  a red-heat  it 
burns  in  the  contact  of  air  with  a bright  flame.  It  is  sparingly  soluble  in 
boiling  alcohol  and  ether,  and  is  deposited  as  the  solutions  cool.  Twenty 
parts  of  boiling  alcohol  dissolve  about  one  of  bees’-wax,  of  which  not 
more  than  one-fifth  is  retained  at  the  temperature  of  60 3,  and  this  is  thrown 
down  by  the  addition  of  water.  Cold  ether  appears  without  action  on 
wax,  but  boiling  ether  takes  up  about  one-tenth  of  its  weight,  and 
deposits  nearly  the  whole  on  cooling.  The  fixed  oils,  when  assisted  by 


* The  bleaching  of  bees’-wax  is  ef- 
fected by  exposing  it  in  thin  ribands 
upon  the  bleaching-ground.  It  may 


be  whitened  by  chlorine,  but  wax  so 
bleached  never  burns  well;  it  smells  of, 
and  appears  to  contain,  chlorine. 


958 


WAX. 


heat,  readily  dissolve  it,  and  form  a compound  of  variable  consistency, 
which  is  the  basis  of  cerates  and  ointments.  Some  of  the  volatile  oils  also 
dissolve  wax,  when  aided  by  heat.  It  combines  with  the  fixed  alkalis, 
forming  imperfect  soapy  compounds  of  very  difficult  solubility,  and  from 
which  the  acids  separate  the  wax  in  an  unaltered  state.  The  acids,  at 
common  temperatures,  scarcely  act  upon  wax ; hence  the  advantage  of 
wax-lute  for  the  retention  of  corrosive  vapours.  At  the  fusing-point  of 
wax  it  combines  with  sulphuric  acid,  and  the  solution  congeals  on  cooling. 
Muriatic  acid  has  no  action  upon  it;  nitric  acid,  after  long  boiling,  very 
slowly  converts  a portion  of  it  into  oxalic  acid. 

Myricin.  When  myrtle- wax  is  digested  in  boiling  alcohol,  it  affords, 
according  to  Dr.  John,  a soluble  and  insoluble  portion ; he  has  called  the 
former  cerin , the  latter  myricin.  Cerin  is  insoluble  in  water  and  in  cold 
alcohol  and  ether,  but  dissolves  in  those  liquids  when  heated.  Myricin 
is  insoluble,  under  all  circumstances,  in  alcohol  and  ether. 

Cerine.  This  term  has  been  applied  by  Chevreul  to  a principle 
resembling  wax,  which  he  separated  from  cork ; it  is  less  fusible  than 
wax,  more  soluble  in  alcohol,  and  partly  converted  into  oxalic  acid,  by 
the  action  of  nitric  acid. 

Bees’ -wax  has  been  analyzed  by  Gay-Lussac  and  by  Dr.  Ure,  with  the 


following  results: — 

Gay  Lussac.  Ure. 

Carbon  . . . . . . 81.784  80.60 

Hydrogen 12.672  11.47 

Oxygen  . . . . . . 5.544  7-93 


100.00  100.00 


According  to  Oppermann,  pure  vegetable-wax  differs  slightly  from  bees- 
wax, in  the  ratio  of  its  elements. 

§ XII.  Soaps.  Saponic,  or  Adipose  Acids. 

Process  of  Saponification.  When  the  fat  oils  are  digested  with  caustic 
alkali,  a compound  results,  long  and  well  known  under  the  name 
of  soap ; with  the  real  nature  however  of  this  compound  we  were  not 
acquainted,  till  the  subject  was  investigated  by  Chevreul,  who,  in  the 
masterly  researches  already  quoted  (see  also  Recherches  Chimiques  sur 
les  Corps  gras.  Paris  1823,)  demonstrated  the  nature  of  the  changes 
which  the  oils  undergo,  and  discovered  a number  of  new  acid  substances 
into  which  they  are  converted.  These  experiments  have  principally 
reference  to  animal  oils , and  the  general  account  of  them  ought  strictly 
to  be  referred  to  the  chemical  history  of  animal  products : but  the 
vegetable  oils  and  fats  are  in  many  of  their  properties  identified 
with,  and  in  all  so  closely  analogous  to  the  corresponding  products 
of  animals,  that  I shall  give  an  abstract  of  the  whole  subject  in  this 

The  various  kinds  of  soaps  differ  chiefly  in  the  oil  or  fat  used  in 
their  manufacture,  for  the  alkali  which  is  employed  is,  for  hard  soaps , 
almost  invariably  soda : by  the  mutual  action  of  the  oil  and  alkali  the 
stearic  and  elaic  components  of  the  former  are  converted  into  one  or  more 
acids,  which  combine  with  the  soda,  so  that  in  this  respect,  soaps  may 


SOAPS. 


959 


be  correctly  spoken  of,  as  a class  of  salts,  deriving  tlieir  peculiarities 
almost  exclusively  from  the  acids  which  they  contain.  The  soap  of  olive 
oil  and  soda  may  be  taken  as  a specimen  of  this  article : it  is  made  as 
follows.  Five  parts  of  barilla,  or  an  equivalent  proportion  of  other 
carbonate  of  soda,  are  mixed  with  one  of  lime,  and  a proper  quantity  of 
water.  In  this  way  a ley,  or  solution  of  caustic  soda , is  obtained, 
which  is  boiled  in  an  iron  pot  with  six  parts  of  the  oil,  till  the  soap 
separates : this  separation  of  the  soap  from  the  water,  is  accelerated  by 
the  addition  of  common  salt ; it  is  then  suffered  more  perfectly  to 
congeal,  and  in  a few  days  becomes  hard  enough  to  cut  into  forms. 
(Aikin’s  Dictionary — Art.  Soap.)  The  best  soaps  are  made  with  olive 
oil  and  soda;  in  this  country  animal  fat  is  usually  employed  for  the 
common  soaps,  to  which  resin  and  other  substances  are  occasionally 
added.  Soft  Soap  is  made  with  potassa  and  some  of  the  common  oils; 
even  fish  oil  is  often  used,  and  hence  peculiar  compounds  or  salts  result, 
as  we  shall  presently  find*. 

The  general  properties  of  soap  are  the  following.  It  furnishes 
a milky  solution  with  water.  It  dissolves  in  alcohol,  and  the  solution, 
if  concentrated,  is  of  a gelatinous  consistency,  and  by  carefully  distilling 
off  the  alcohol,  a transparent  soap  is  obtained.  The  acids,  and  the 
greater  number  of  salts,  decompose  soap,  forming,  in  most  cases,  a 
compound  of  difficult  solubility;  hence,  hard  waters  are  unfit  for 
washing,  in  consequence  of  containing  sulphate  of  lime  ; hence,  also, 
the  alcoholic  solution  of  soap  is  useful  as  a test  for  ascertaining  the  fitness 
of  water  for  this  purpose,  which,  if  it  becomes  very  turbid,  cannot  in 
general  be  used  for  washing. 

When  the  above  soap  is  decomposed  by  dilute  sulphuric  acid,  sulphate 
of  soda  is  formed,  but  the  oil  is  not  separated  in  its  former  state,  but  has 
acquired  the  new  properties  we  are  about  to  notice  : there  is  also  formed 
during  the  mutual  action  of  the  oil  and  alkali,  a compound  discovered  b;y 
Scheele,  and  called  by  him  the  sweet  principle  : it  has  since  been  termed 
glycerine , (from  yhvuvq,  sweet.) 

Glycerine  may  be  obtained  by  saturating  the  alkaline  mother-liquor, 
from  which  the  soap  has  concreted,  by  dilute  sulphuric  acid,  adding  a 
little  carbonate  of  baryta  to  remove  any  slight  excess  of  the  acid,  filtering, 
and  evaporating  to  the  consistency  of  thin  syrup,  to  which  alcohol  is  then 
added,  which  dissolves  the  glycerine  and  leaves  the  alkaline  sulphate. 
Glycerine  is  not  crystallizable  ; it  has  a pure  sweet  flavour,  and  cannot  be 
deprived  of  water  without  decomposition.  When  distilled,  a portion 
passes  over  unaltered.  Heated  in  the  air  it  burns  with  a blue  flame.  It 
is  very  difficult  of  conversion  into  oxalic  acid  by  the  action  of  nitric  acid, 
and  has  very  little  tendency  to  fermentation. 

When  glycerine  is  obtained  by  evaporating  its  alcoholic  solution  in 
vacuo,  it  is  in  the  state  of  hydrate.  Dumas  represents  its  ultimate 
components  as  follows  t. 


* The  fixed  oils  also  form  peculiar 
compounds  with,  or  are  saponified , by 
hydrated  oxide  of  lead , when  aided  by 
heat,  forming  the  substance  usually 
termed  plaster ; with  the  oxides  of  mer- 


cury and  bismuth  they  produce  very 
similar  combinations. 

-f-  (See  Fremy,  Ann  de  Chim.  lxiii.  25. 
Vogel,  Journal  de  Pharm.  iv.  255,  and 
Chevreul,  Recherches.) 
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Carbon  . . 

3 

• • 

18 

• « 

48.7 

• • 

Duma<?. 

40.20 

Hydrogen  . . 

3 

• • 

3 

• • 

8,1 

• • 

8.00 

Oxygen  . . 

2 

• • 

16 

• • 

43.2 

• • 

42.80 

1 

37 

100.0 

100.00 

And,  as  containing  in  the  state  of  hydrate  1 atom  of  water  (37  + 9 
“46),  or 

Anhydrous  glycerine  “ ( 3 COLT  + 3 Jl  + 2 O.) 

Hydrated  do.  — ( 3 COT  + 4 A -f  3 o.) 

Having  thus  stated  the  general  results  of  saponification,  I shall  give 
an  outline  of  the  properties  of  the  acids  generated  by  the  action  of  the 
alkalis,  and  of  such  other  analogous  bodies  as  are  included  by  Dumas 
under  the  term  Adipose  acids.  {A aides  gras , see  Traite  de  Ch.  App . 
aux  Arts.  v.  239.) 

Adipose  Acids  ; Saponic  Acids.  These  substances,  when  solid, 
resemble  fat,  wax,  or  spermaceti;  when  liquid , they  look  like  thin  oils. 
They  are  mostly  fusible  at  temperatures  below  212°;  they  are  more  or 
less  volatile,  colourless  when  pure,  lighter  than  water,  soluble  in  alcohol  and 
ether,  and  in  the  fixed  and  volatile  oils.  They  contain  much  less  oxygen 
than  is  requisite  to  convert  their  carbon  and  hydrogen  into  carbonic  acid 
and  water,  and  hence  are  eminently  inflammable.  They  are  little  affected 
by  air  or  by  acids  at  common  temperatures:  heated  with  sulphuric  or  nitric 
acid  they  are  decomposed : they  redden  litmus.  Their  equivalent  is 
always  a high  number.  Aided  by  heat  they  decompose  the  carbonates. 

The  greater  number  of  these  acids  are  not  found  in  a separate  state, 
but  they  appear  to  exist  in  oils  and  fats  in  union  with  an  organic  base. 
They  are  divided  by  Dumas  into,  1.  Those  which  are  insoluble  in  water, 
and  which  only  admit  of  distillation  in  vacuo : 2.  Those  which  are  soluble 
in  water,  and  which  may  be  distilled  over  with  water  in  the  ordinary  way. 

I.  Stearic  Acid.  This  acid  is  the  most  characteristic  product  of  the 
saponification  of  suet,  and  other  hard  or  not  easily-fusible  fats.  It  is 
obtained  by  decomposing  stearate  of  potassa , by  dilute  muriatic  acid.  It 
melts  at  158°  and  concretes  into  a mass  of  shining  crystals.  Boiling 
anhydrous  alcohol  dissolves  it  in  all  proportions,  and  the  solution  yields 
nacreous  crystals:  it  is  soluble  in  its  weight  of  ether:  it  is  volatile  in 
vacuo:  it  bums  in  the  air  like  wax.  It  is  soluble  in  cold  sulphuric  acid, 
and  decomposed  by  it  when  heated:  it  is  not  acted  on  by  cold  nitric  acid, 
but  the  boiling  acid  dissolves  and  modifies  it.  This  acid  consists  of* 


Carbon  .....  35 

210 

. . 79.55 

Chevreul. 

80.145 

Hydrogen  ....  33 

33 

. . 12.88 

12.478 

Oxygen 2|  . . 

20 

7-57 

7.377 

Anhydrous  stearic  acid  1 

203 

100.00 

100.000 

The  hydrated  stearic  acid  consists  of  1 atom  anhydrous  acid  and  1 of 
water  (264  + 9 “ 273),  or 

Anhydrous  stearic  acid  ( 35  COT  + 34  h 4-  2^  0.) 

Hydrated  do.  ( 35  COT  -f  35  h + 3|  O.) 


* The  atomic  composition  of  stearic 
acid,  as  given  by  Dumas,  is  (70  car  -{-  78  h 
A 5 o ),  which  would  produce  the  equi- 


valent 527,  or  double  that  in  the  text , 
assuming  33^  instead  of  34  atoms  of 
hydrogen. 
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Stearate  of  Ammonia.  Stearic  acid  absorbs  gaseous  ammonia,  and 
forms  a white  inodorous  compound,  of  an  alkaline  taste.  It  dissolves 
in  boiling  water,  and  the  solution  deposits  nacreous  crystals  of 
bistearate. 

Stearate  of  Potassa  is  formed  by  boiling  I part  of  stearic  acid  and 
1 of  caustic  potassa  in  1 0 of  water : it  falls  in  white  opaque  grains,  which 
may  be  purified  by  solution  in  15  to  20  parts  of  boiling  alcohol:  it  falls, 
as  this  solution  cools,  in  brilliant  scales.  Stearate  of  potassa  may  also  be 
obtained  by  treating  the  soap  of  potassa  with  alcohol.  This  soap  is  pre- 
pared by  boiling  100  parts  of  mutton-suet  and  25  of  caustic  potassa  in 
100  of  water,  agitating  the  mixture  till  a homogenous  compound  is 
obtained:  it  is  a mixture  of  stearate,  oleate,  and  margarate  of  potassa: 
the  two  last  are  abstracted  and  retained  by  warm  alcohol,  which  deposits 
the  stearate.  It  consists  of 


Potassa  .... 

1 

48 

• » 

15.4 

Chevreul. 

15.29 

Stearic  acid  . . . 

1 

. . 263 

• • 

84.6 

84.71 

1 

311 

100.0 

100.00 

Bistearate  of  Potassa.  1 part  of  the  above  soap  is  dissolved  by 
heat  in  6 of  water,  and  then  50  or  60  parts  of  cold  water  are  added  to 
the  solution:  a nacreous  substance  is  deposited,  composed  of  bistearate 
and  bimargarate  of  potassa:  this  is  dissolved  in  20  to  24  parts  of  boiling 
alcohol  (specific  gravity  0.82),  and  during  cooling,  crystals  are  deposited, 
which,  when  dissolved  in  alcohol  a second  time,  and  again  crystallized, 
are  bistearate  of  potassa.  It  forms  soft  silvery  scales,  infusible  at  212°, 
insoluble  in  cold  water,  but  resolved  by  boiling  water  into  potassa  and 
quadristearate.  It  is  soluble  in  boiling  alcohol,  100  parts  of  which 
take  up  27  of  bistearate  of  potassa,  but  only  retain  0.36  at  75°.  The 
crystallized  bistearate  of  potassa  consists  of 


Potassa  . . 

. 1 

48 

9 • 

8.2 

Chevreul. 

8.075 

Stearic  acid  . 

. 2 

526 

• • 

90.3 

9.075 

Water  . . 

. 1 

9 

• • 

1.5 

1.850 

1 

583 

100.0 

100.000 

Stearate  of  Soda.  The  action  of  soda  on  stearic  acid  resembles  that 
of  potassa;  and  a stearate  and  bistearate,  corresponding  in  composition 
with  the  above,  are  produced,  but  they  are  less  soluble  than  the  salts  of 
potassa. 

Stearate  of  Lime  is  a white,  fusible,  tasteless  powder,  thrown  down 
when  a boiling  solution  of  neutral  stearate  of  potassa  is  added  to  a solu- 
tion of  chloride  of  calcium.  It  consists  of 

Chevreul. 

Lime  ....  1 . . 28  . . 9.7  • . 9.96 

Stearic  acid  . . 1 . . 263  . . 90.3  . . 90.04 

1 291  100.0  100.00 

Stearate  of  Baryta  is  formed  by  mixing  hot  solution  of  stearate  of 
potassa  with  nitrate  of  baryta:  it  is  a white,  fusible,  insipid  powder.  It 
contains 
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Baryta  . 

. . 1 

• • 

77 

22.5 

Chevreul. 

22.31 

Stearic  acid 

. . 1 

• • 

2C3 

77.5 

77.69 

1 

340 

100.0 

100.00 

Stearate  of  Lead  is  white,  fusible,  and  insoluble  in  water:  it  is 
formed  by  the  action  of  a boiling  solution  of  stearate  of  potassa  on  nitrate 
of  lead.  It  consists  of 


Oxide  of  lead 
Stearic  acid  . 

. . 1 

. . 1 

. . 112 

. . 263 

• • 

• • 

29.79 

70.21 

Chevreul: 

29.5 
. . 70.5 

1 

375 

100.00 

100.0 

Stearone.  When  stearic  acid  is  distilled  with  a fourth-part  of 
quicklime,  a substance  is  obtained  sparingly  soluble  in  ether  and  alcohol, 
concrete  at  common  temperatures,  but  fusible  at  about  180°.  (Bussy, 
Jour . de  Pliar .,  xix.,  643.)  It  consists  of 


Carbon  . . 

. 68 

• * 

408 

85.4 

Hydrogen  . 

. 62 

• * 

62 

12.9 

Oxygen  . . 

. 1 

• • 

8 

1.7 

1 

478 

100.0 

Stearine.  The  origin  of  this  term  and  the  substance  to  which  it  is 
applied,  derived  from  olive-oil,  have  been  already  noticed.  The  purest  form 
of  Stearine  is  procured  by  digesting  purified  mutton  suet  in  cold  ether, 
as  long  as  it  dissolves  any  part  of  it : the  residue,  dried  by  pressure 
between  folds  of  blotting-paper,  is  of  a crystalline  texture,  semitransparent, 
friable,  and  fusible  at  about  110°.  It  is  not  soluble  in  cold  alcohol, 
hence,  when  dissolved  in  boiling  alcohol,  it  is  deposited  on  cooling.  It 
is  only  very  sparingly  soluble  in  cold  ether;  more  so  in  boiling  ether. 
A hot  and  concentrated  solution  of  caustic  potassa  dissolves  and  sapo- 
nifies it,  forming  a compound  soluble  in  cold  alcohol,  and  in  water : this 
solution,  decomposed  by  diluted  muriatic  acid,  yields  a precipitate  of 


pure  stearic  acid,  and  glycerine  is  found  in  the 

residuary  mother-liquor. 

100  parts  of  stearine  yield  96.8  stearic 

acid  and  8 glycerine.  Stearine  is 

a compound  of 

Dumas- 

Carbon  ...  73 

438 

. . 78.02 

Hydrogen  . . 69 

69 

12.20 

Oxygen  ...  7 

56 

9.78 

1 

563 

100.00 

and  these  numbers  are  equivalent  to  1 atom  of  anhydrous  stearic  acid 
-{-  1 of  anhydrous  glycerine ; or 

Stearic  acid  = (70  Car  + 66  h + 5 0) 

Glycerine  = ( 3 car  + 3 h + 2 0) 

Stearine  = (73  Car  + 69  fl  + 7 0) 

So  that  upon  this  view  stearine  is  a stearate  of  glycerine ; the  glycerine 

being  the  organic  base. 

II.  Margaric  Acid,  so  named  from  its  pearly  lustre  fapyupirv,  a 
pearly  bears  a striking  resemblance  to  stearic  acid.  It  is  obtained  by 
decomposing  the  margarate  of  potassa , or  mar  gar  ate  of  lead , by  hot  and 
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very  dilute  muriatic  acid:  it  fuses  at  140°,  and  in  respect  to  fusibility 
and  solubility,  is  intermediate  between  stearic  and  oleic  acids.  It  is 
composed,  in  its  anhydrous  state,  of 


Carbon  . 

. 35 

• • 

210 

« • 

Chevreul. 

79.053 

Berzelius. 

78.38 

Hydrogen 

. 33 

• • 

33 

• • 

12.010 

• • 

12.59 

Oxygen  . 

. 3 

• • 

24 

• ♦ 

8.937 

• • 

9.03 

1 

267 

100.000 

100.00 

I have  adopted  the  atomic  composition  suggested  by  Berzelius*, 
because  it  refers  to  the  purest  form  of  margaric  acid,  and  represents  it  as 
an  oxide  of  the  same  base  (or  hydrocarbon,)  as  the  stearic  acid.  This 
view  was  originally  adopted  by  Chevreul,  who  then  applied  to  it  the 
name  of  margarous  acid. 

Margarate  of  Ammonia  is  formed  as  the  corresponding  stearate. 

Margarate  of  Potassa.  This  salt  may  be  obtained  from  the  soap 
of  olive-oil , from  which  alcohol,  very  moderately  heated  (at  70  or  80°), 
abstracts  the  oleate , and  leaves  the  margarate  of  potassa.  (See  Marga- 
rine.)  Chevreul  procured  it  from  human,  and  from  goose-fat,  saponified 
by  potassa.  It  is  softer,  more  fusible,  and  more  soluble  in  alcohol  than 
the  stearate  of  potassa.  It  consists  of 


Potassa  .... 

1 

48 

Chevreul. 

. . 15 

Margaric  acid  . . 

1 

267 

. . 85 

1 

315 

100 

Bimargarate  of  Potassa 

may  be 

obtained 

as  the  bistearate;  it 

crystallizes  with  1 atom  of  water.  Its  hot  aqueous  solution,  when  de- 
composed by  dilute  muriatic  acid,  yields  a precipitate  of  margaric  acid. 

Margarate  of  Soda  closely  resembles  the  salt  of  potassa.  The 
neutral  margarate  is  soluble  in  10  parts  of  water,  at  175°. 

Margarate  of  Lead.  With  oxide  of  lead,  the  margaric  acid  forms 
a neutral,  a basic,  and  an  acid  salt.  A mixture  of  margarate  and  oleate 
of  lead  (as  obtained  by  double  decomposition,  from  a soap  of  olive-oil) 
may  be  separated  by  cold  ether,  which  leaves  the  margarate,  but  dissolves 
the  oleate. 

Margarone.  A substance  under  this  name  is  described  by  Bussy, 
{Jour,  de  Phar .,  xix.,  635.)  among  the  products  of  the  destructive  distil- 
lation of  a mixture  of  margaric  acid  with  one-fourth  its  weight  of  lime. 
It  is  said  somewhat  to  resemble  paraffine , and  to  consist  of  (68  CCLT  4 
67  h + 2 O')  numbers  which  are  equivalent  to  hydrocarbon  (e?  CCLT  - f 67  A) 
and  carbonic  acid  {CCLT  + 2 O').  Its  theoretical  relations  to  paraffine 
and  to  margaric  acid,  are  pointed  out  by  Dumas. 

Margarine.  This  substance  forms  a part  of  mutton-suet,  hogs’- 
lard,  and  some  other  animal  fats:  it  appears  to  form  the  greater  portion  of 
the  concrete  part  of  olive  oil,  already  mentioned,  and  when  that  sub- 
stance is  dried  in  bibulous  paper,  dissolved  in  ether,  and  left  to  spon- 
taneous evaporation,  the  white  flakes  which  are  deposited  are  margarine. 

* Chevreul  gives  (70  car  4-65  h + 6 0)  + 3 0),  or  64  instead  of  65  atoms  of  hy- 

— 533.  Gmelin  represents  margaric  drogen,  if  doubled, 
acid  by  the  equivalent  266,  or  35  car  4 32  h ' 
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Margarine  is  distinguished  from  stearine  by  its  greater  fusibility.  It  is 
so  far  soluble  in  cold  ether,  that  at  65°,  two  parts  are  retained  in  perma- 
nent solution  by  five  of  ether.  A solution  of  two  parts  of  margarine  in 
10  of  ether,  is  permanent  at  60°,  and  does  not  begin  to  deposit  till 
cooled  down  to  54°.  The  atomic  constitution  of  margarine  has  not  been 
accurately  determined. 

III.  Oleic  Acid.  This  acid  is  obtained  by  the  decomposition  of  oleate 
of  lead , or  oleate  of  potassa , by  a solution  of  tartaric  acid  : it  separates 
in  the  form  of  an  oil,  and  is  to  be  washed  with  hot  water : it  often 
contains  margaric  acid,  which  it  deposits  by  cautious  cooling  : when  pure, 
it  remains  transparent  at  32°.  It  resembles  a colourless  oil,  of  a slightly 
rancid  taste  and  smell ; its  specific  gravity  is  0.898  at  65°.  A few 
degrees  below  32°,  it  concretes  into  a white  acicularly-crystalline  mass ; 
it  is  not  soluble  in  water,  but  is  taken  up  in  all  proportions  by  alcohol  of 
the  specific  gravity  .822.  It  reddens  litmus ; mixes  readily  with  stearic 
and  margaric  acids,  and  behaves  like  them  when  subjected  to  distillation. 
According  to  Chevreul,  anhydrous  oleic  acid  may  be  regarded  as  a com- 
pound of 


Carbon 

. . 35 

. . 210 

. . 81.08 

Chevreul. 

. . 80.942 

Hydrogen 

. . 30 

29 

11.20 

11.359 

Oxygen  . 

9 1 

• • " 2 

. . 20 

7-72 

7.699 

1 

259 

100.00 

100.000 

The  crystallized  acid  includes  1 atom  of  water. 

Oleate  of  Ammonia.  Liquid  ammonia  rapidly  dissolves  oleic  acid ; 
heat  is  evolved,  and  a gelatinous  mass,  soluble  in  water,  is  formed. 

Oleate  of  Potassa.  This  salt  may  be  best  extracted  from  the  soap 
of  linseed  oil , which  is  dried,  and  digested  in  cold  anhydrous  alcohol ; 
the  clear  solution  is  evaporated,  and  the  residue  again  treated  by  cold 
anhydrous  alcohol,  by  which  any  trace  of  margarate  of  potassa  is  left 
undissolved.  The  solution  now  contains  pure  oleate  of  potassa , and 
when  slowly  evaporated  yields  it,  sometimes  in  an  imperfectly-crystal- 
lized mass : its  taste  is  alkaline  and  bitter : mixed  with  2 parts  of  water 
it  forms  a transparent  jelly:  with  4 of  water  the  solution  is  viscid:  it 
absorbs  moisture  from  the  air.  In  the  voltaic  circuit  it  yields  oleic  acid 
at  the  positive,  and  potassa  at  the  negative  pole.  At  1 22°  alcohol  dis- 
solves its  own  weight  of  this  salt,  and  the  compound  gelatinizes  on 
cooling.  Chevreul  has  also  described  a binoleate. 

The  anhydrous  oleate  of  potassa  consists  of 

Chevreul. 

Potassa  ....  I . . 48  . 15.19 

Oleic  acid  ...  1 . . 259  . . 84.81 

1 307  100.00 

Oleate  of  Soda  is  an  easily-soluble  salt. 

Oleate  of  Baryta  is  insipid,  insoluble  in  water,  very  sparingly 
soluble  in  boiling  alcohol,  and  soluble  in  oleic  acid. 

Oleate  of  Copper  is  green,  and  easily  fusible. 

Oleate  of  Lead  is  liquid  at  77°,  and  viscid  at  lower  temperatures: 
it  is  soluble  in  alcohol  and  ether. 

Oleone  is  a liquid  product  obtained  by  distilling  oleic  acid  with  lime. 
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Elatdine.  M.  Poutet’s  test  of  tlie  purity  of  olive  oil  lias  been 
above  adverted  to.  (p.  955.)  The  action  of  nitrous  ncul  upon  oil  lias 
been  examined  by  M.  Felix  Boudet,  (Ann.  de  Cliim.  el  Phys .,  l.,  391,) 
be  finds  that  when  olive  oil  is  shaken  with  a mixture  of  3 per  cent,  of 
nitrous,  and  9 of  nitric  acid,  it  solidifies  in  the  course  of  an  hour : that 
linseed  oil,  nut  oil,  poppy  oil,  liempseed  oil,  and  beech-mast  oil,  are  not 
so  solidified : almond  oil,  and  rape  oil,  are  more  slowly  but  similarly 
changed.  Castor  oil  is  also  solidified,  but  the  product  is  distinct  ".  M. 
Boudet  applies  the  term  Elaidine  to  the  above  product ; and  when  sapo- 
nified by  potassa,  it  yields  a peculiar  fat  acid,  which  be  calls  Elaidic 
acid  t. 


§ XIII.  Volatile  Oils.  Camphene.  Camphor.  Camphoric  Acid. 

Citrene.  Oil  of  Copivi. 

The  volatile  or  essential  oils  are  generally  obtained  by  distilling  the 
vegetables,  or  the  parts  of  the  plants  which  afford  them,  with  water,  in 
common  stills ; the  water  and  oil  pass  over  together,  and  are  collected  in 
the  Italian  recipient  shown  in  the  following  cut,  in  which  the  water, 
having;  reached  the  level  a b.  runs  off  by  the 
pipe  c,  and  the  oil,  being  generally  lighter  than 
water,  floats  upon  its  surface  in  the  space  d. 

The  whole  contents  of  the  recipient  are  then 
poured  into  a funnel,  the  tube  of  which  is 
closed  with  the  finger;  and  when  the  oil  has 
collected  upon  the  surface,  the  water  is  suf- 
fered to  run  from  it,  and  the  oil  transferred 
into  a bottle.  The  distilled  water,  being  sa- 
turated with  the  oil,  should  be  retained  for  a 
repetition  of  the  distillation.  The  produce  of 
oil  is  sometimes  increased,  by  adding  salt  to  the 
to  elevate  its  boiling-point  a few  degrees. 


* Bussy  and  Lecanu,  (Jour,  de  Phar., 
xiii.,)  have  elaborately  examined  the 
products  of  castor  oil,  and  have  obtained 
from  it,  as  results  of  saponification, 
margaritic,  (not  margaricf)  ricinic , and 
elaiodic  (not  tlie  elaidic  acid  of  Boudet) 
acids.  When  castor  oil  is  solidified  by 
hyponitrous  acid,  (or  by  nitrate  of  mer- 
cury ?)  it  yields  a substance  distinct 
from  elaidine,  called  by  Boudet,  palmine. 
When  palmine  is  saponified,  and  the 
soap  decomposed  by  an  acid,  palmic  acid 
is  separated. 

-|-  Rocellic,  valerianic , and  esculic  acids, 
are  placed  by  Dumas  among  the  fat 
acids.  Rocellic  acid  was  discovered  by 
Ifeeren,  in  the  rocella  tinctoria:  he  ob- 
tained it  by  digesting  the  lichen  in  liquid 
ammonia,  precipitating  by  chloride  of 
calcium,  and  decomposing  the  rocellate  of 
lime  by  muriatic  acid,  when  rocellic  acid 


subsides  : it  is  washed,  and  purified  by 
solution  in  ether,  which  afterwards  de- 
posits it  in  silky  crystals,  fusible  at  265°  : 
soluble  in  twice  their  weight  of  boiling 
alcohol,  and  composed,  according  to 
Liebig,  of  (16  car  -f- 10*  h -{-  4 o).  The  ro- 
cellates  are  analogous  to  soaps. 

Valerianic  or  valeric  acid , passes  over 
with  essential  oil  when  the  root  of  the 
Valeriana  officinalis  is  distilled  with  water : 
the  product  is  mixed  with  carbonate  of 
magnesia  and  water,  and  distilled  : the 
oil  passes  over,  and  valerianate  of  mag- 
nesia remains : to  this,  dilute  sulphuric 
acid  is  added,  by  which  it  is  decomposed, 
and  the  valerianic  acid  may  now  be 
obtained  by  distillation,  partly  floating 
upon  the  water,  and  partly  dissolved  in 
it.  It  is  a colourless  oily  liquid,  smelling 
strong  of  valerian,  specific  gravity  0.94, 
acrid  and  acid  to  the  taste,  soluble  in  30 
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Some  of  the  volatile  oils  are  obtained  by  expression,  such  as  those  of 
lemon , orange , and  bergamot , which  are  contained  in  distinct  vesicles  in 
the  rind  of  those  fruits. 


The  volatile  oils  vary  con 

siderably  in  s 

pecific  gravity,  as 

shown  by  the 

following  Table: — 

Oil  of  Sassafras  .... 

1 .094 

Oil  of  Tansy 

946 

„ Cinnamon  .... 

1.035 

Caraway  . . 

940 

,,  Cloves  . 

1.054 

Origanum 

940 

,,  Fennel  . 

997 

?? 

Spike 

936 

„ Dill  . . . . 

994 

)•) 

Rosemary  . 

. 934 

„ Pennyroyal  . 

978 

Juniper 

. 911 

,,  Cummin  . 

975 

Oranges 

888 

,,  Mint  . 

975 

Turpentine  . 

872 

„ Nutmegs  . . . 

948 

The  general  characters 

of  these 

oils 

are  the  following 

they  have  a 

penetrating  odour  and  taste,  and  are  generally  of  a yellowish  colour;  they 
are  for  the  most  part  very  soluble  in  alcohol,  and  very  sparingly  soluble 
in  water;  these  solutions  constitute  perfumed  essences  and  distilled 
waters.  The  latter  are  principally  employed  in  pharmacy,  and  the 
former  as  perfumes.  When  pure,  they  pass  into  vapour  at  a temperature 
somewhat  above  that  of  212°,  but  when  distilled  with  water,  they  pass 
over  at  its  boiling-point.  They  are  very  inflammable,  and  water  and 
carbonic  acid  are  the  results  of  their  perfect  combustion.  As  many  of 
these  oils  bear  a very  high  price,  they  are  not  infrequently  adulterated 
with  alcohol  and  fixed  oils.  The  former  addition  is  rendered  evident  by 
the  action  of  water ; the  latter,  by  the  greasy  spot  which  they  leave  on 
paper,  and  which  does  not  evaporate  when  gently  heated.  By  long 
keeping,  some  of  the  essential  oils  are  concreted  into  a substance  resembling 
spermaceti ; this  is  especially  the  case  with  the  ottar  of  rose,  and  some- 
times appears  connected  with  the  destruction  of  its  odoriferous  principle. 
When  oil  of  aniseed  is  kept  for  many  years  it  also  loses  its  odour,  and 
becomes  entirely  solid.  Other  oils  become  resinous  by  age.  (Mac  Cul- 
loch,  Quarterly  Journal , N.  A.,  v.,  291.)  The  volatile  oils  absorb 
oxygen,  when  long  exposed  to  it,  and  become  thick  and  resinous.  Nitric 
and  sulphuric  acids  rapidly  decompose  the  volatile  oils:  a mixture  of 
four  parts  of  nitric,  and  one  of  sulphuric  acid,  poured  into  a small  quan- 
tity of  oil  of  turpentine,  produces  instant  inflammation.  They  absorb 
chlorine,  and  muriatic  acid  is  produced,  along  with  a peculiar  substance, 
called  artificial  camphor.  Iodine  produces  changes  somewhat  analogous. 
Muriatic  acid  combines  with  several  of  them,  and  forms  a crystallizable 
compound  which  has  also  been  compared  to  camphor. 

The  relative  quantity  of  essential  oils,  furnished  from  different 


parts  of  water,  and  in  all  proportions  of 
alcohol.  According  to  Essling,  as  quoted 
by  Dumas,  this  acid  in  its  oily  form 
is  a hydrate , composed  of  (10  car  -f- 10  h-\- 
4 o),  the  anhydrous  acid  being  represented 
by  the  equivalent  = (10  car- f-9  /i-J-3  o'). 

Esculic  acid  was  obtained  by  Fremy, 
by  digesting  pulverized  horse-chestnuts 
in  alcohol : the  solution  left,  on  evapo- 
ration, a peculiar  yellow  viscous  matter, 


probably  identical  with  the  saponin , ob- 
tained by  Bussy,  (Jour,  de  Phar .,  xix.,) 
from  the  root  of  the  Egyptian  Saponaria , 
(Gypsophila  struthium  ?)  This  matter, 
when  digested  with  solution  of  potassa, 
yields  a soapy  compound,  from  which 
the  acids  separate  esculic  acid.  Such 
details  respecting  its  nature  and  proper- 
ties as  have  been  ascertained,  are  given 
by  Dumas  (Chim.  ap.  Aux  Arts.,  v.,  296). 
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materials,  is  liable  to  much  variation;  the  following  are  the  average 
products  of  1 cwt.  of  the  different  vegetable  substances : — 


Ounces. 

Juniper-berries  (common)  . 

. 4 

to 

5 

„ „ (tine  Italian) 

. 

. 7 

55 

8 

Aniseed  (common) 

• 

. 32 

55 

36 

„ (finest) 

• 

. 36 

lbs  oz. 

55 

lbs. 

38 

oz, 

Caraways 

from 

3 12  to 

4 

12 

Dill-seed 

)) 

2 0 „ 

2 

6 

Cloves  .... 

55 

18  0 „ 

20 

0 

Pimento  ... 

55 

2 0 „ 

3 

4 

Fennel-seed 

55 

2 

0 

Leaves  of  the  J uniperus  sabina 

• • 

0 

14 

The  essential  oils  have  recently  been  subjects  of  more  interest  to  the 
chemist,  from  the  results  afforded  by  their  ultimate  analysis:  these  have 
shown  that  certain  organic  compounds,  commonly  arranged  with  the 
volatile  oils  are  binary  compounds  of  carbon  and  hydrogen,  or  hydro- 
carbons: to  these,  allusion  has  already  been  made  (p.  481),  and  we  shall 
now  have  to  consider  them  more  in  detail : others  are  ternary  compounds 
of  carbon,  hydrogen,  and  oxygen,  or  oxides  of  hydrocarbon , and  two  or 
three  of  them  are  of  a more  complex  character,  such  as  the  oil  of  mustard- 
seed. 

A.  To  the  first  class  belong  the  oils  of  turpentine,  of  lemons,  and  of 
copivi  balsam;  these  are  hydrocarbons. 

I.  Oil  of  Turpentine:  Campiiogen,  or  Camphene.  Oil  of  turpen- 
tine is  one  of  the  most  important  of  these  oils,  in  consequence  of  its 
numerous  applications  in  the  arts,  especially  in  the  manufacture  of  paints 
and  varnishes.  It  is  obtained  by  distilling  turpentine  with  water,  with 
the  vapour  of  which  it  readily  passes  over  at  212°,  though  its  boiling-point 
exceeds  314°.  It  is  very  sparingly  soluble  in  alcohol.  By  exposure  to 
air  a part  of  it  is  converted  into  resinous  matter,  and  a part  into  a 
peculiar  acid  matter,  which,  when  distilled,  deposits  a crystallizable  sub- 
stance, upon  exposure  to  cold.  {Ann.  de  Chim.  et  Phys .,  xxxi.,  442,)  In 
consequence  of  the  great  inflammability  of  oil  of  turpentine,  it  is  highly 
dangerous  when  kept  in  quantities.  If  preserved  in  wooden  vessels  they 
are  very  apt  to  leak,  hence  the  necessity  of  placing  them  in  another  cask, 
surrounded  by  water.  In  common  oil  of  turpentine  Dr.  Ure  found  82.35 
carbon,  9.80  hydrogen,  7-65  oxygen : when  purified  by  alcohol,  the 
sjiecific  gravity  of  this  oil  was  reduced  from  .888  to  .878;  it  then  appeared 
to  be  a binary  compound  of  carbon  and  hydrogen,  nearly  resembling 
naphtha  in  composition.  This  suggestion,  thrown  out  by  Dr.  Ure,  {Phil. 
Trans.,  1822,  p.  475,)  has  since  been  verified  by  Dumas,  who  deprived 
it  of  all  adhering  water  and  acid,  by  agitating  it  with  quicklime,  subject- 
ing it  to  a careful  distillation,  and  finally  digesting  it  with  chloride  of 
calcium.  In  this  state  its  specific  gravity  is  .860  and  its  boiling-point 
312°.  From  the  density  of  its  vapour  (4.763)  Dumas  infers  that  it 
contains,  in  the  100  volumes,  500  volumes  of  carbon  vapour  (or  1000 
according  to  the  usual  estimate,  see  p.  475)  and  800  of  hydrogen,  and  as 

500  Cubic  inches  of  carbon  vapour  weigh  . . . 131.5 

800  „ hydrogen  gas 17-0 

of  turpentine  vapour  . . =148.5 


100 


968 


CAMPHOlt. 


These  weights  bear  the  ratio  to  each  other  of  10  equivalents  of  carbon  to 
8 of  hydrogen,  or 


Dumas 

Carbon 

10  . . 60 

. . 88.1 

* • 

88.5 

Hydrogen 

8 8 

11.9 

• * 

11.5 

Oil  of  turpentine 

1 68 

100.0 

100.0 

calculated  density 

of  its  vapour  is 

4.74;  or, 

5 Volumes 

of  carbon  vapour 

= 0.840  X 5 

= 4.20 

hydrogen 

— 0.068  X 8 

= 0.54 

4.74 

1.  Camphor.  This  substance,  which  in  many  respects  resembles  the 
essential  oils,  being  like  them,  volatile,  inflammable,  soluble  in  alcohol, 
and  sparingly  soluble  in  water,  has  been  shown  by  Dumas  to  be  an  oxide 
of  an  hydrocarbon  identical  in  composition  with  pure  oil  of  turpentine, 
hence  the  term  Camphogen  or  Camphene , applied  to  that  oil.  In  its  ordinary 
state  camphor  is  white,  semi-transparent,  and  concrete.  Its  specific 
gravity  is  .98.  It  fuses  at  about  300°  in  close  vessels,  and  rises  rapidly 
in  vapour.  It  dissolves  in  the  fixed  and  volatile  oils.  It  is  scarcely  acted 
uj)on  by  the  alkalis ; some  of  the  acids  dissolve,  others  decompose  it. 
(Chevreul,  Ann.  de  Chim .,  Ixxiii.)  It  dissolves  in  sulphuric  acid, 
forming  a brown  solution,  from  which  it  is  at  first  precipitated,  unaltered, 
by  water;  sulphurous  acid  is  afterwards  evolved,  the  solution  becomes 
black  and  thick,  and,  after  some  days,  affords  a brown  coagulum  on  the 
addition  of  water,  and  smells  fragrant  and  peculiar.  On  distilling  the 
diluted  liquor,  water  and  a yellow  oil  pass  over,  a little  sulphurous  acid  is 
then  disengaged,  and  a black  matter  remains  in  the  retort,  which,  when 
digested  in  alcohol,  affords  a portion  of  soluble  matter  having  some  of  the 
properties  of  artificial  tannin.  (Hatchett,  Phil.  Trans.,  1805.) 

If  mixed  with  bole  or  powdered  clay,  and  repeatedly  distilled,  cam- 
phor is  almost  entirely  converted  into  a liquid,  having  the  characters  of 
essential  oil. 

The  camphor  of  commerce  is  obtained  from  the  Lauras  camphor  a , 
and  comes  chiefly  from  Japan.  It  is  originally  separated  by  distillation, 
and  subsequently  purified  in  Europe  in  a subliming-vessel  somewhat  of 
the  shape  of  a turnip,  from  which  the  cakes  of  camphor  derive  their  form. 
There  are  other  trees  and  plants  which  afford  it. 

The  specific  gravity  of  the  vapour  of  camphor  is  5.29,  which  corre- 
sponds with 

5 Volumes  of  carbon  vapour  . . . . = 4.20 


8 

Hydrogen  gas  . . 

= 0.54 

I 

■"  i 

Oxygen 

» « • 

= 0.55 

5.29 

Hence,  camphor  appears  to  be 
consist  of 

the  protoxide 

of  camphogen , or 

Dumas.  Ure. 

Carbon 

. 10 

. . 60 

79.0  . . 

79.28 

78.02 

Hydrogen 

8 

8 

10.5 

10.36 

11.58 

Oxygen 

1 

8 

105 

10.36  . . 

10.40 

1 

76 

100.0 

100.00 

100.00 
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2.  Camphoric  Acid.  When  camphor  is  repeatedly  distilled  with 
nitric  acid,  it  is  converted  into  camphoric  acid.  For  this  purpose,  four 
ounces  of  camphor,  reduced  to  powder  by  triturating  it  with  a few  drops 
of  spirit  of  wine,  may  he  introduced  into  a two-quart  tubulated  retort, 
placed  in  a sand-heat;  pour  upon  it  thirty  ounces  of  common  nitric  acid, 
and  proceed  to  slow  distillation.  When  two- thirds  of  the  acid  have 
passed  over,  return  it  into  the  retort  and  distil  as  before,  repeating  the 
operation  twice  more;  after  which,  as  the  liquor  cools,  a quantity  of 
crystals  of  camphoric  acid  are  deposited,  which  are  to  he  washed  and 
dried.  This  acid  assumes  the  form  of  plumose  crystals,  soluble  in  about 
100  parts  of  water  at  60°,  and  in  rather  more  than  1 part  of  alcohol.  Its 
taste  is  acid,  and  somewhat  acrid,  and  it  has  an  aromatic  odour.  Exposed 
to  heat,  it  sublimes  unaltered.  It  combines  with  the  salifiable  bases, 
constituting  a class  of  salts  called  Camphor  at  es. 

Camphoric  acid,  in  its  anhydrous  state,  is  composed  of 


Carbon 

10 

• • 

60 

. . 55.6 

• • 

Dumas. 

56.03 

Hydrogen 

8 

• • 

8 

7.4 

• • 

7.32 

Oxygen  . . . 

5 

« • 

40 

37.0 

* • 

36.65 

1 

108 

100.0 

100.00 

The  crystallized  acid,  according  to  Brandes,  includes  1 atom  of  water: 
it  appears,  therefore,  that  camphoric  acid  is  “ (camphor  + 40),  or 
(camphogene  + 5 0.) 

Camphorates.  The  neutral  camphorates  include  6 atoms  of  oxygen ; 
namely,  1 in  the  base,  and  5 in  the  acid.  They  have  a bitterish  aromatic 
flavour,  and  are  decomposed  by  the  stronger  acids.  Subjected  to  destruc- 
tive distillation  they  yield  water,  empyreumatic  oil,  and  charcoal:  in  the 
air  they  burn  with  a blue  or  reddish  flame.  The  camphorates  of  ammonia, 
potassa,  and  soda,  are  very  soluble,  deliquescent,  and  difficultly  crystal- 
lizable:  they  are  soluble  in  alcohol.  The  camphorates  of  baryta,  lime, 
strontia,  magnesia,  and  manganese  are  soluble  in  water.  If  the  camphor 
has  not  been  perfectly  acidified  the  camphoric  acid  retains  it  in  combina- 
tion, and  the  salts  are  rendered  much  less  soluble.  The  camphorate  of 
peroxide  of  iron,  of  tin,  zinc,  lead,  copper,  uranium,  protoxide  of  mercury 
and  of  silver,  are  insoluble,  or  nearly  so. 

3.  Hydrate  of  Oil  of  Turpentine;  Hydrate  of  Camphogen. 
Dumas  has  described,  under  this  term,  a crystalline  compound,  which  is 
often  found  in  mixtures  of  oil  of  turpentine  and  water;  and,  in  cases 
where  drops  of  water  have  adhered  to  the  interior  of  bottles  containing 
oil  of  turpentine,  each  drop  has  been  found  successively  converted  into  a 
tuft  of  crystals.  It  is  colourless,  tasteless,  and  odourless,  crystallizes  in 
rhomboidal  prisms  forming  stellated  groups,  and  is  heavier  than  water. 
It  fuses  and  sublimes  at  temperatures  of  about  300°  to  360°.  It  dissolves 
in  22  parts  of  boiling  water,  and  crystallizes  as  the  solution  cools : alcohol 
and  ether  also  dissolve  it.  Peligot  and  Dumas  have  observed  the  same 
compound  in  essential  oil  of  cardamoms,  and  it  is  probably  not  an  uncom- 
mon product.  It  consists  of  ( 10  CCLT  + n h + 3 O),  or  of 

Camphogen  ...  1 . . G8  . . 71.C 

Water 3 . . 27  . . 28.4 

95 


1 


100.0 
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4.  Muriate  of  Campiiogen;  Artificial  Camphor.  This  curious 
substance  was  discovered  by  Kind  (Ann.  cle  Chim .,  li.,  270);  it  is  formed 
by  slowly  passing  dry  muriatic  acid  gas  through  oil  of  turpentine  sur- 
rounded by  ice,  so  as  to  keep  down  its  temperature;  the  quantity  of  the 
product  is  very  variable,  but  sometimes  equals  or  exceeds  that  of  the  oil 
of  turpentine  employed,  the  oil  absorbing  a third  of  its  weight  of  acid. 
The  artificial  camphor  separates  in  the  course  of  some  hours.  It  is  white, 
crystalline,  of  a peculiar  and  somewhat  campliory  odour,  fusible  below 
212°,  soluble  in  about  3 parts  of  pure  alcohol,  and  deposited  in  crystals 
from  a hot  saturated  solution.  It  is  volatile,  but  not  without  decompo- 
sition, for  when  sublimed  in  a retort  a little  muriatic  acid  is  always 
formed:  it  is  decomposed  by  lime,  and  the  oil  evolved  unaltered  in  its 
composition. 

The  mother-liquor,  from  which  this  muriate  is  deposited,  is  fuming, 
pungent,  and  lighter  than  water;  when  distilled,  it  yields  a clear  yellow 
oil,  and  leaves  a brown  residue.  (Blanchet  and  Sell,  Jour  cle  Phar .,  xx., 
224.)  Muriate  of  camphogen  consists  of  (20  COLT  + 17  h + C),  or 

Camphogen  ...  2 . . 136  . . 76.5 

Muriatic  acid  . . . 1 . . 37  . . 21.5 

1 173  100.0 

II.  Essential  Oil  of  Lemons  ; Citrene.  This  oil  is  generally 
obtained  by  expression,  from  the  exterior  rind  of  the  fruit  of  the  lemon. 
(Citrus  medica.)  It  is  also  obtained  by  distillation.  In  the  former  case 
the  oil  is  extremely  fragrant,  but  somewhat  turbid,  and  liable  to  change 
in  consequence  of  the  presence  of  a little  mucilage:  the  distilled  oil  is 
perfectly  limpid  and  permanent. 

Essence  of  lemons,  when  pure,  is  colourless,  limpid,  and  very 
fragrant.  Its  specific  gravity  is  0.847  at  70°.  It  dissolves  in  all  propor- 
tions in  anhydrous  alcohol,  but  100  parts  of  alcohol,  of  specific  gravity 
.837,  only  dissolve  about  15  parts.  It  consists,  according  to  the  analysis 
of  Dumas,  of  carbon  and  hydrogen  in  the  same  relative  proportions  as  in 
oil  of  turpentine,  but  they  are  one-half  less  condensed,  so  that  it  may  be 
represented  by  ( 5 COLT  + 4 A ),  or 

Dumas. 

Carbon  ....  5 . . 30  . . 88.1  . . 88.5 

Hydrogen  ...  4 . . 4 . . 11.9  . . 11.5 

Essence  of  lemons . 1 34  100.0  100.0 

The  essential  oils  of  bergamot,  and  of  cedrate,  and  probably  of  orange,  are 
similarly  composed. 

I.  Muriate  of  Citrene.  An  artificial  camphor  may  be  obtained 
from  essence  of  lemons  by  the  same  process  as  that  applicable  to  essence 
of  turpentine.  Blanchet  and  Sell  (Jour,  cle  Phar.)  regard  the  essence  of 
lemons  (as  also  that  of  turpentine)  as  a mixture  of  two  distinct  hydro- 
carbons, one  of  which  yields  the  crystallizable  camphor,  and  the  other 
the  uncrystallizable  fuming  mother-liquor;  to  these  they  have  applied 
the  terms  citronyle  and  citryle.  According  to  Dumas,  the  crystallizable 
product  is  white,  lamellar,  or  nacreous,  fusible  at  1 05°,  and  concretes  into 
a brilliant  mass  on  cooling.  It  consists  of  (10  CCIT  + 9 h + C ),  or 

Citrene 2 . . 68  . . 64.8 

Muriatic  acid  ...  1 . . 37  . . 35.2 


1 


105 


100.0 
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III.  Oil  of  Copivi.  The  balsam  of  copivi , which  is  an  exudation  re- 
sembling turpentine,  from  several  species  of  Copafera,  yields,  when  distilled, 
a peculiar  fragrant  volatile  oil,  which,  when  deprived  of  water  by  digestion 
with  chloride  of  calcium,  has  a specific  gravity  0.879:  absolute  alcohol 
dissolves  two-fifths  its  weight  of  it,  and  it  is  soluble  to  any  extent  in 
ether  and  in  sulphuret  of  carbon:  it  dissolves  sulphur  and  phosphorus, 
and  absorbs  chlorine,  which  renders  it  viscid : when  dropped  upon  iodine, 
heat  and  hydriodic  acid  are  evolved.  It  forms,  with  muriatic  acid,  a 
compound  analogous  to  artificial  camphor,  and  also  a fuming  licpiid.  This 
oil,  according  to  Blanchet,  corresponds  in  composition  and  in  atomic 
constitution  with  the  oil  of  lemon. 

B.  The  second  class  of  essential  oils,  or  those  which  are  oxides  of 
hydrocarbon , includes  the  greater  number  of  those  products:  their  real 
nature  is,  as  yet,  but  imperfectly  understood,  but  it  is  highly  probable 
they  are  solutions  of  a substance  analogous  to  camphor,  in  liquid  hydro- 
carbons, and  that  they  may,  therefore,  be  atomically  represented  by 
(car+h)  + (car  + h + o.  ) Some  of  these  oils,  when  exposed  to 
cold,  yield  crystalline  deposits,  which  are  modifications  of  camphor,  or 
solid  oxides  of  hydrocarbon : those  from  oil  of  peppermint  and  oil  of 
aniseed  have  been  examined  by  Dumas,  and  several  others  have  been, 
noticed  and  analyzed;  the  deposit  from  oil  of  roses,  oil  of  sassafras,  oil  of 
cinnamon  (Dumas  and  Peligot,  Ann.  de  Chim.  et  Phys .,  lvii.,  311),  and 
many  others,  which  are  gradually  deposited,  or  formed  by  the  action  of 
air,  are  probably  of  the  same  nature.  Such  of  these  oils  as  are  most 
dense,  are,  according  to  Dumas,  most  highly  oxidized ; some  of  these  pass 
into  resins , and  others  exhibit  a tendency  to  combine  with  bases;  this  is 
especially  the  case  with  oil  of  cloves  and  pimento.  (Bonastre,  Jour,  de 
Phar .,  xiii.)  According  to  Dumas,  the  composition  of  oil  of  cloves  may 
be  represented  by  ( 20  COLT  + 13  h + 5 O)  giving  an  equivalent  =r  173, 
and  combining,  in  this  proportion,  with  an  equivalent  of  ammonia;  so 
that  173  oil  of  cloves  + 17  ammonia  would  form  190  of  caryophyllate  of 
ammonia.  The  crystalline  deposit  from  oil  of  cloves  which  has  been 
long  kept,  is  stated  by  Dumas  to  be  not  only  analogous  to,  but  identical 
with,  camphor. 

§ XIV.  Amygdaline.  Benzule.  Benzoic  Acid. 

Amongst  the  essential  oils,  that  which  is  obtained  by  distilling  the 
cake  which  remains  after  the  fixed  oil  has  been  expressed  from  bitter 
almonds,  is  perhaps  the  most  interesting.  In  its  ordinary  state,  this  oil 
is  a mixture  of  hydrocyanic  acid,  and  a peculiar  volatile  oil,  neither  of 
which  pre-exist  in  the  almond,  but  are  produced  by  the  action  of  heat 
and  water,  during  the  distillation,  upon  a peculiar  principle  contained  in 
the  almond,  and  which  may  be  termed  amygdaline.  The  essential  oil 
may  be  separated  from  the  hydrocyanic  acid,  by  agitating  it  with  a solu- 
tion of  potassa  and  protochloride  of  iron,  and  subjecting  it  to  distillation, 
and  it  may  then  be  deprived  of  adhering  water,  by  redistilling  it  over 
quicklime.  (Wohler  and  Liebig,  Ann.  de  Chim.  et  Phys .,  li.,  273.) 

When  thus  purified,  that  is,  deprived  of  hydrocyanic  acid  and  water, 
the  essential  oil  is  clear  and  colourless,  and  its  odour  resembles  that  which 
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it  originally  possessed : its  flavour  is  hot  and  aromatic ; its  sp.  gr.  — = 
1.043.  It  is  very  sparingly  soluble  in  water,  but  alcohol  dissolves  it  in  all 
proportions.  It  is  inflammable,  but  it  may  be  passed,  without  decom- 
position, through  a red-hot  tube.  Exposed  to  air,  or  other  source  of 
oxygen,  it  is  converted  into  crystallized  benzoic  acid , and  this  conversion 
is  extremely  rapid  under  the  direct  influence  of  solar  light.  Exposed  to 
the  joint  action  of  air,  water,  and  a solution  of  potassa,  benzoate  of  potassa 
is  formed ; and  if  the  experiment  be  made  over  mercury,  the  ascent  of 
the  mercury  indicates  the  absorption  of  the  oxygen.  It  is  not  altered  by 
the  anhydrous  alkalis ; but  when  heated  with  hydrate  of  potassa  out  of 
the  contact  of  air,  benzoate  of  potassa  is  formed,  and  hydrogen  evolved. 

It  has  been  shown  by  Liebig  and  Wohler,  that  the  atomic  constitu- 
tion of  this  oil  is  such,  that  it  may  be  regarded  as  the  hydruret  of  a base 
composed  of  carbon,  hydrogen,  and  oxygen,  which  base  cannot  be  isolated, 
but  may  be  transferred,  without  decomposition,  from  one  combination  to 
another,  in  the  same  manner  as  cyanogen.  Combined  with  oxygen,  this 
base  produces  benzoic  acid r,  hence  they  have  termed  it  benzule. 

Benzule  is  represented  by  (u  CCLT  + 5 A +2  0)  : or  it  consists  of 


Carbon 

14 

• • 

84 

Hydrogen  .... 

5 

• • 

5 

Oxygen  ..... 

2 

• *> 

16 

80.00 

4.75 

15.25 


Benzule 


105 


100.00 


Hydruret  of  Benzule  is  the  purified  essence  of  bitter  almonds, 
(deprived  of  hydroc}Tanic  acid,)  in  which  state  it  consists  of  (Ben  + A), 
or  105  + 1 “106:  its  ultimate  composition  being 


Carbon  .... 

14 

84 

79.2 

Dumas. 

79.57 

Hydrogen  . . . 

6 

6 

5.7 

. . 5.56 

Oxygen  .... 

2 

16 

15.1 

. . 14.87 

Hydruret  of  benzule 

1 

106 

100.0 

100.00 

Chloride  of  Benzule.  When  chlorine  is  passed  through  the  above 
hydruret,  it  is  absorbed,  heat  and  muriatic  acid  are  evolved,  it  becomes 
yellow,  and  when  no  more  muriatic  acid  is  formed,  the  liquid  is  heated; 
it  becomes  limpid  and  colourless,  and  is  then  pure  chloride  of  benzule; 
its  sp.  gr.  is  1.196  : its  odour  is  pungent  and  irritating,  its  boiling-point 
high,  and  it  burns  with  a greenish  sooty  flame  : when  poured  into  water 
it  falls  to  the  bottom,  where  it  remains  insoluble  ; but  by  boiling,  it  forms 
crystallized  benzoic  acid  and  muriatic  acid.  It  may  be  heated  with 
baryta  and  lime  without  decomposition,  but  with  hydrate  of  potassa  it 
yields  chloride  of  potassium,  and  benzoate  of  potassa.  It  dissolves  phos- 
phorus and  sulphur,  with  the  aid  of  heat,  but  deposits  them  in  crystals 
as  the  solutions  cool.  With  the  solid  chloride  of  phosphorus  it  evolves 
heat,  produces  the  liquid  chloride,  and  an  oily  compound  of  a penetrating 
odour.  It  dissolves  in  alcohol,  and  the  solution  soon  becomes  so  hot  as 
to  enter  into  ebullition,  muriatic  acid  is  evolved,  and  on  the  addition  of 
water  benzoic  ether  separates. 

Chloride  of  benzule  is  represented  by  (Ben+C),  or  105+36  = 141 
It  consists,  therefore,  of 
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Carbon  .... 

14 

84 

• • 

59.50 

• * 

Dumas. 

60.02 

Hydrogen  . . . 

5 

• • 

5 

• » 

3.60 

• • 

3.51 

Oxygen  .... 

2 

• • 

16 

• • 

11.35 

• • 

11.55 

Chlorine  .... 

1 

• * 

36 

« • 

25.55 

• • 

24.92 

Chloride  of  benzule  . 

1 

141 

100.00 

100.00 

Iodide  of  Benzule  is  formed  by  distilling  iodide  of  potassium  with 
chloride  of  benzule  : it  passes  oyer  as  a brown  liquid,  which  concretes  on 
cooling,  and  which,  when  freed  from  mixed  iodine,  is  a white  crystalline 
solid:  it  consists  of  (Ben  + 2),  or  105  + 125  = 230. 

Bromide  of  Benzule  is  produced  by  the  direct  action  of  bromine  on 
the  hydruret  of  benzule  ; it  is  brown,  crystalline,  soluble  in  alcohol  and 
ether ; and  by  continued  ebullition  with  water  is  converted  into  benzoic 
and  hydrobromic  acids.  It  is  represented  by  (Ben  + Z>),  or  105  + 73 
= 183. 


Sulphuret  of  Benzule  is  formed  by  distilling  chloride  of  benzule 
with  finely-powdered  sulphuret  of  lead : it  distils  over  in  the  form  of  an 
oily  fluid,  which  concretes  into  a yellow  crystalline  mass : it  smells  of 
sulphur ; water  does  not  affect  it,  but  when  boiled  with  a solution  of 
potassa,  benzoate  and  sulphuret  of  potassa  are  formed.  This  compound 
is  represented  by  (Ben  + 5),  or  105  + 16  = 121. 

Cyanuret  of  Benzule.  When  chloride  of  benzule  is  distilled  off 
cyanuret  of  mercury  a yellow  oil  passes  over,  and  chloride  of  mercury 
remains  in  the  retort.  When  the  liquid  is  rectified  it  is  colourless,  but 
soon  becomes  yellow ; it  has  a pungent  irritating  odour,  a biting  and 
sweetish  flavour,  which  a little  resembles  that  of  oil  of  cinnamon.  It 
is  denser  than  water,  and  is  converted  by  its  action  into  benzoic  and 
hydrocyanic  acids  : it  burns  with  a white  fuliginous  flame : its  symbol  is 


(Ben  + C2/),  or  105  +26=: 

131.  The  ultimate  elements 

of  this  c 

compound  are 

Carbon 

16 

96 

73.5 

Hydrogen  .... 

5 

5 

• • 

3.6 

Oxygen 

2 

16 

• • 

12.2 

Nitrogen 

1 

14 

• • 

10.7 

Cyanuret  of  benzule  . 

1 

131 

100.0 

Benzamide.  Dry  ammoniacal  gas  is  rapidly  absorbed  by  chloride  of 
benzule,  fteat  is  evolved,  and  a white  crystalline  solid  formed,  consisting 
of  muriate  of  ammonia  in  combination  with  a new  substance,  called  by 
Liebig  and  Wohler  Benzamide , from  its  analogy  to  oxamide.  When  the 
product  is  first  washed  in  cold  water,  and  then  dissolved  in  boiling  water, 
the  benzamide  crystallizes  as  the  solution  cools.  It  fuses  at  240°  into  a 
limpid  liquid,  which  concretes  into  a foliated  mass : at  a higher  tempera- 
ture it  boils,  and  distils  over  unaltered : its  vapour  burns  with  a smoky 
flame.  It  dissolves  in  alcohol,  and  in  hot  ether.  Triturated  with  caustic 
potassa  it  evolves  no  ammonia,  but  when  boiled  in  caustic  potassa, 
ammonia  is  evolved  and  benzoate  of  potassa  formed.  Boiled  with  sul- 
phuric acid,  benzoic  acid  sublimes  and  sulphate  of  ammonia  is  formed. 
The  ultimate  elements  of  benzamide , regarding  it  as  a compound  of 
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benzule  and  amide , are  (14  COLT  + 5 }l  -f  2 0)  + + 2 A),  or  105  + 

16  = 121,  and  may  therefore  he  thus  represented, 

Dumas. 

Carbon  ...  14 

Hydrogen  . . 7 

Oxygen  ...  2 

Nitrogen  . . 1 

Benzamide  . . 1 

Hence,  the  action  of  ammonia  on  chloride  of  benzule,  is  such  that 
1 atom  of  the  chloride,  and  2 atoms  of  ammonia,  produce  1 atom  of 
muriate  of  ammonia,  and  1 atom  of  benzamide  : or, 

+ 2 Ammonia. 

+ 2 {n  + 3 h) 

-)-  1 Muriate  of  Ammonia. 

+ {n  + * h + c) 

Benzine.  This  substance,  known  under  the  name  of  camphor'  of 
essence  of  bitter  almonds,  is  produced  in  the  form  of  a crystalline  deposit, 
when  the  oil  is  left  for  some  weeks  in  contact  with  a strong  solution  of 
potassa ; it  may  be  purified  by  solution  in  hot  alcohol  and  filtering 
through  animal  charcoal : as  the  alcoholic  solution  cools  it  forms  pris- 
matic crystals,  fusible  at  248°,  tasteless  and  inodorous,  and  coinciding 
with  the  original  oil  (hydruret  of  benzule)  in  composition.  (Wohler 
and  Liebig.) 

Benzoic  Acid.  (Ben  + 0.)  This  acid  has  lately  acquired  much 
interest  to  the  theoretical  chemist,  in  consequence  of  its  relation  to  the 
compound  radical  or  base  which  I have  just  described  under  the  name  of 
Benzule , and  of  which  it  is,  in  fact,  an  oxide.  Benzoic  acid  exists  ready- 
formed,  in  benzoin  or  Benjamin,  which  is  the  resinoid  exudation  of  the 
sty  rax  benzoe , whence  its  name ; it  is  found  also  in  some  of  the  balsams % 
and  is  produced  by  the  action  of  heat,  acids,  and  alkalis,  on  amygdaline, 
benzamide,  and  hippuric  acid ; lastly,  it  is  formed  by  the  action  of  oxygen 
on  the  hydruret  of  benzule,  above  described. 

Benzoic  acid  is  usually  obtained  by  heating  benzoin  in  a convenient 
vessel  or  apparatus,  such  as  a crucible,  with  a cone  of  paper  attached  to 
its  mouth ; the  acid  condenses  in  it  in  fine  acicular  crystals,  which  were 
formerly  called  flowers  of  benzoin . A good  process  for  procuring  this 
acid  is  that  recommended  by  Mr.  Hatchett,  which  consists  in  digesting 
benzoin  in  sulphuric  acid,  when  it  affords,  on  the  application  of  heat,  a 
copious  sublimate  of  pure  benzoic  acid.  ( Additional  Experiments  on 
Tannin , Phil . Trans.,  1808.)  It  may  also  be  obtained  by  boiling  a 
pound  and  a half  of  powdered  benzoin  with  4 ounces  of  quicklime,  in  6 
or  8 quarts  of  water.  When  cold,  the  clear  liquor  is  decanted,  and  the 
residuum  again  boiled  in  half  the  former  quantity  of  wrater.  The  liquors 
thus  obtained  are  boiled  down  to  half  their  bulk,  filtered,  and  mixed 
with  muriatic  acid,  as  long  as  it  occasions  a precipitate,  from  which  the 


1 Chloride  of  Benzule. 


(14  car  4-  5 A + 2 o + c) 


produce 


1 Benzamide. 


r 


{^car  + 7 h + 2 o + n) 


84 

0 * 

69.5 

• • 

69.73 

7 

• • 

5.8 

• • 

5.69 

16 

• • 

13.2 

• • 

13.05 

14 

0 e 

11.5 

• • 

11.53 

121 

100.0 

100.00 

* Such  as  the  balsam  of  tolu  and  of  Peru. 
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liquor  is  poured  off,  and,  when  dry,  it  is  put  into  an  earthen  vessel  placed 
in  a sand  heat,  and  sublimed  into  paper  cones. 

In  the  tenth  volume  of  Nicholson  s Journal , I have  detailed  several 
experiments  on  benzoin,  and  have  shown  the  relative  quantity  of  acid 
afforded  by  the  several  processes  which  have  been  recommended  for  ob- 
taining it,  but  different  samples  of  benzoin  afford  very  different  relative 
proportions. 

In  making  benzoic  acid  upon  a large  scale,  by  the  process  of  subli- 
mation, the  better  kind  of  benzoin  is  most  economically  employed : it 
may  be  put  into  an  iron  pot,  set  in  brickwork  over  a proper  fire-place; 
the  sublimate  is  most  conveniently  received  into  a large  wooden  box 
lined  with  paper,  communicating  by  a conical  iron  or  tin-plate  neck  with 
the  subliming  pot.  The  first  product  may  be  sublimed  a second  time  in 
the  same  apparatus ; and,  by  conducting  the  process  rather  rapidly,  the 
acid  condenses  in  beautiful  prismatic  crystals,  somewhat  elastic.  If 
slowly  sublimed,  it  is  more  powrdery.  By  this  process  of  sublimation, 
good  benzoin  yields  10  to  12  per  cent,  of  acid  contaminated  by  empy- 
reumatic  oil,  and  which,  when  pressed  between  folds  of  blotting-paper, 
and  again  sublimed,  is  reduced  to  the  proportion  of  8 or  9 per  cent,  of  the 
purified  acid*. 

Benzoic  acid,  when  it  has  been  thus  sublimed,  is  in  the  form  of  soft 
feathery  crystals,  very  inflammable,  fusible  at  about  230°;  it  is  light, 
of  an  aromatic  and  slightly  sour  taste,  soluble  in  25  or  30  parts  of 
boiling  wTater,  and  very  sparingly  soluble  in  cold  water.  It  is  much  more 
soluble  in  alcohol ; and  this  solution  easily  furnishes  it  pure,  and  in 
prismatic  crystals.  It  is  soluble,  without  immediate  change,  in  nitric 
and  sulphuric  acids,  and  in  many  other  acids  by  the  aid  of  heat.  The 
oils  also  dissolve  it. 

According  to  Dumas  and  Mitscherlich,  the  density  of  the  vapour  of 
benzoic  acid  is  4.27-  Anhydrous  benzoic  acid  may  be  represented  by 
(Ben  + 0),  that  is,  as  an  oxide  of  benzule ; or  105  + 8 = 113:  its 
ultimate  components  therefore  are 

Dumas. 

Carbon 14  . . 84  . . 74.3  . . 74.7 

Hydrogen 5 . . 5 . . 4.4  . . 4.3 

Oxygen 3 . . 24  . . 21.3  . . 21.0 

Anhydrous  benzoic  acid  1 113  100.0  100.0 


The  crystallized  contains  1 equivalent  of  water,  and  is  represented  by 
{benf  + ^),  or  113  + 9 = 122.  The  water  cannot  be  expelled  by 


* According  to  Stoltze,  good  benzoin 
should  yield  12  or  13  per  cent,  of  pure 
acid  by  the  process  of  sublimation ; and 
18  percent,  by  the  following  process: 
dissolve  1 part  of  benzoin  in  3 of  al- 
cohol; neutralize  the  solution  with  car- 
bonate of  soda  dissolved  in  a mixture 
of  8 parts  of  water  and  3 of  alcohol: 
add  to  the  mixture  two  parts  of  water 
and  distil  off  the  alcohol:  decant  the 
residuary  liquid  from  the  resinous  depo- 
sit, and  decompose  it  by  sulphuric  acid. 


Benzoic  acid  is  also  made  by  evaporating 
the  urine  of  cows,  horses,  &c.,  precipi- 
tating the  liippuric  acid  by  muriatic  acid, 
and  decomposing  this  product  by  sul- 
phuric acid:  it  obstinately  retains  an 
urinous  odour,  which  may  be  covered  by 
mixing  it  with  about  a twentieth  part 
of  benzoin,  and  subliming.  In  some 
cases,  benzoic  acid  may  be  economically 
prepared  by  subjecting  essence  of  bitter 
almonds  to  the  action  of  the  air. 
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heat,  and  is  contained  in  most  of  the  benzoates . The  benzoate  of  silver  is 
anhydrous. 

Benzoates.  In  the  neutral  anhydrous  benzoates,  the  oxygen  in  the 
acid  is  to  that  in  the  base  as  3 to  1 : these  salts  are  easy  of  decomposition, 
and  their  solutions  give  a precipitate  of  benzoic  acid  with  the  stronger 
acids  ; they  give  a dingy-red  precipitate  with  the  persalts  of  iron. 

Benzoate  of  Ammonia  forms  deliquescent  plumose  crystals,  very 
soluble  in  water.  Berzelius  recommends  this  salt  as  a precipitant  of 
peroxide  of  iron,  which  it  throws  down  of  an  orange-red  colour.  Crys- 
tallized benzoate  of  ammonia  consists,  according  to  Thomson,  of  one 
proportional  of  acid,  one  of  base,  and  one  of  water. 

Benzoate  of  Potassa  is  a very  soluble  deliquescent  salt;  if  it  be 
digested  with  benzoic  acid,  a bibenzoate  of  potassa  results,  which  accord- 
ing to  Bucholz,  {Ann.  de  Chim .,  Ixxxiv.)  forms  acicular  and  lamellar 
crystals,  requiring  ten  parts  of  water  for  their  solution. 

Benzoate  of  Soda  forms  efflorescent  crystals,  very  soluble  in  water. 

Benzoate  of  Lime  forms  acicular  crystals,  sparingly  soluble  in  cold 
water.  Vauquclin  found  this  salt  in  the  urine  of  the  cow.  Benzoate  of 
ammonia  forms  a copious  white  precipitate  when  added  to  solution  of 
chloride  of  calcium,  which  is  soluble  in  hot  water. 

Benzoate  of  Baryta  is  soluble  and  crystallizable. 

Benzoate  of  Strontia  is  also  a soluble  salt. 

Benzoate  of  Magnesia  forms  soluble  plumose  crystals. 

Benzoate  of  Manganese  forms  beautiful  prismatic  crystals,  which 
are  soluble  in  20  parts  of  cold  water : and  in  alcohol. 

Benzoate  of  Iron.  Benzoate  of  ammonia  forms  an  insoluble  per- 
benzoale  when  added  to  solutions  of  peroxide  of  iron,  of  a reddish  colour : 
in  the  protosalts  of  iron,  it  forms  a white  precipitate. 

Benzoate  of  Zinc  forms  soluble  acicular  crystals  when  there  is 
excess  of  acid:  the  neutral  benzoate  is  insoluble. 

Benzoate  of  Tin  is  insoluble,  or  nearly  so,  in  water. 

Benzoate  of  Copper  is  a fine  blue  compound,  difficultly  soluble  in 
water,  but  soluble  in  excess  of  benzoic  acid,  and  insoluble  in  alcohol. 

Benzoate  of  Lead  is  insoluble,  except  there  be  excess  of  acid ; it 
then  forms  nacreous  crystals. 

Benzoate  of  Antimony  has  not  been  examined. 

Benzoate  of  Bismuth  forms  white  acicular  crystals,  permanent  in 
the  air,  soluble  in  water,  and  sparingly  soluble  in  alcohol.  (Trommsdorf, 
Ann.  de  Chim.,  xi.)  When  benzoate  of  ammonia  is  added  to  acid  nitrate 
of  bismuth,  it  forms  an  insoluble  white  precipitate ; Trommsdorf’s  salt 
therefore  is  probably  a bibenzoate. 

Benzoate  of  Cobalt.  Benzoate  of  ammonia  forms  no  precipitate 
in  solutions  of  cobalt. 

Benzoate  of  Uranium  is  a difficultly  soluble  straw-coloured  com- 
pound, when  formed  by  adding  benzoate  of  ammonia  to  nitrate  of  uranium. 

Benzoate  of  Nickel.  Solutions  of  nickel  are  only  rendered  slightly 
turbid  by  benzoate  of  ammonia ; benzoate  of  nickel  is  probably  therefore 
a soluble  salt. 

Benzoate  of  Mercury.  Benzoic  acid  forms  white  precipitates  in 
the  solutions  of  mercury. 
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Benzoate  of  Silver,  obtained  by  digesting  moist  oxido  of  silver  in 
benzoic  acid,  forms  acicular  crystals;  but  benzoate  of  ammonia  produces 
an  abundant  insoluble  precipitate  in  solution  of  nitrate  of  silver.  This  salt 
is  anhydrous , and  consists  of  1 1 G oxide  of  silver  + 118  benzoic  acid. 

Benzoate  of  Alumina  forms  arborescent  crystals. 


§ XV.  Resins.  Amber.  Caoutchouc. 

The  Resins  are  solid  substances  which  often  exude  spontaneously  from 
trees  and  plants,  or  are  extracted  from  other  products  by  the  agency 
chiefly  of  alcohol,  in  which  they  are  more  or  less  easily  soluble*.  They 
are  insoluble  in  water;  and  their  alcoholic  solutions,  when  mixed  with 
water,  are  rendered  turbid  and  deposit  the  resin:  their  specific  gravity 
varies  from  0.92  to  1.20.  They  are  brittle,  and  generally  without  much 
smell  or  taste,  nonconductors  of  electricity,  and  rendered  negatively  elec- 
trical when  rubbed.  The  resins  fuse  when  heated,  and  are  not,  in  their 
natural  state,  crystallizable.  Some  are  more  readily  soluble  in  cold 
alcohol  than  others  t;  and  some  appear  to  include  two  distinct  species  of 
resin;  many  of  them  contain  essential  oil,  which  they  lose  by  exposure 
to  air,  or  which  may  be  abstracted  from  them  by  distillation.  Some  of 
them  are  soluble  in  sulphuric  acid,  without  decomposition^:,  and  are 
again  thrown  down  by  water.  When  heated,  these  solutions  evolve 
sulphurous  acid,  and  a carbonaceous  deposit  ensues,  which  contains 
artificial  tan.  They  are  generally  decomposed  by  nitric  acid,  or  consi- 
derably modified  by  its  action.  Some  of  them  are  soluble  in  muriatic 
and  in  acetic  acids. 

They  combine  with  alkalis  and  salifiable  bases,  and  form  a class  of 
compounds  first  studied  by  Hatchett,  and  subsequently  by  Unverdorben 
and  others:  in  these  compounds  the  resin  performs  the  part  of  a weak 


* The  resins,  as  they  exude  from  trees, 
are  often  mixed  with  gum , when  they 
form  gum-resins , which  are  consequently 
only  partially  soluble  in  water  and  in 
alcohol;  they  readily  dissolve  in  alkaline 
solutions  when  assisted  by  heat ; and  the 
acids  act  upon  them  nearly  as  upon  the 
resins.  Ammoniacum,  gamboge , assafoj- 
tida,  and  olibanum , may  be  taken  as  ex- 
amples of  gum-resins. 

Copal,  mastich,  and  a few  other  re- 
sins, are  very  difficultly  soluble  in  alco- 
hol, and  contain  a substance  which  re- 
mains in  the  form  of  a viscid  matter 
after  the  resinous  portion  has  been  sepa- 
rated by  alcohol.  Copal  requires  peculiar 
management  to  effect  its  solution  in 
alcohol.  A piece  suspended  in  the  vapour 
of  boiling  alcohol  is  gradually  softened, 
and,  as  it  drops  down,  dissolves  in  the 
alcohol ; camphor  also  accelerates  its  so- 
lution both  in  alcohol  and  in  oil  of  tur- 
pentine. The  most  useful  copal  varnishes 
are  those  in  which  it  is  dissolved  by  the 


aid  of  a high  temperature  in  linseed  oil 
and  turpentine. 

Guaiacum  is  characterized  by  the  sin- 
gular changes  of  colour,  which  its  alco- 
holic solution  suffers  when  exposed  to 
the  action  of  nitric  acid.  {Phil.  Trans. 
1811.)  Guaiacum  is  also  rendered  blue 
by  the  gluten  of  wheat,  but  its  colour  is 
not  changed  by  starch ; the  intensity  of 
the  blue  colour  is  said  to  be  proportional 
to  the  quantity  of  gluten  present  in  flour. 
(Taddei,  Giornale  di  Fisica , i.,  188.  Quar- 
terly Journal,  vii.,378.)  M.  Pagenstecher 
has  employed  tincture  of  guaiacum,  in 
conjunction  with  hydrocyanic  acid,  as  a 
test  of  the  presence  of  copper.  {Quart. 
Journal , x.  182.) 

$ The  properties  of  the  resins  have 
been  ably  investigated  by  Mr.  Hatchett, 
the  details  of  whose  researches  will  be 
found  in  his  communications  to  the 
Royal  Society,  printed  in  the  Philosophi- 
cal Transactions  for  1804,  1805,  1800. 
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acid : tlie  resins  are  of  great  use  in  the  arts : they  constitute  the  basis  of 
varnishes *,  and  of  many  plasters  and  cements. 

Colophony,  or  common  rosin , is  the  residue  of  the  distillation  of 
turpentine:  the  oil,  or  essence  of  turpentine,  passes  oyer,  and  the  resi- 
due is  a soft  yellow  substance  which  hardens  by  exposure  to  air,  and 
is  known  as  white  or  yellow  rosin:  when  melted  it  loses  water,  and  con- 
cretes on  cooling,  into  black  or  common  rosin.  The  ultimate  composition 
of  this  substance  may  be  represented  by  oil  of  turpentine  + oxygen ; it 
is  a compound  of 

Gay-Lussac  and  Thenard. 

Carbon 75.944 

Hydrogen 10.719 

Oxygen 13.337 

100.000 

Pinic  Acid.  According  to  Unverdorben  (Poggen.,  xi.,  47),  when  colo- 
phony is  digested  in  cold  alcohol  .833  specific  gravity,  a portion  only  is  dis- 
solved; the  solution  thus  obtained,  when  mixed  with  an  alcoholic  solution  of 
acetate  of  copper,  yields  a precipitate  of pinateof  copper;  this  precipitate, 
when  washed  with  pure  alcohol  and  digested  in  a mixture  of  alcohol  and 
muriatic  acid,  furnishes  a solution  from  which  water  throws  down  the 
pinic  acid ; when  washed  and  boiled  in  water,  it  forms  on  cooling  a hard 
brittle  substance,  which  becomes  brown  by  fusion,  passing  into  what 
Unverdorben  calls  colophonic  acid.  When  fused  with  the  alkaline  car- 
bonates it  expels  their  carbonic  acid ; and  its  ethereal  solution  decom- 
poses carbonate  of  copper  with  effervescence.  The  pinates  of  ammonia , 
soda , and  potassa , are  soluble  in  water ; those  of  the  other  bases,  insoluble  ; 
the  pinates  are  mostly  insoluble  in  alcohol,  but  soluble  in  ether. 

Silvic  Acid.  The  resinous  residue  just  mentioned  as  insoluble  in 
cold  alcohol,  is  soluble  in  boiling  alcohol;  and  when  this  solution  is  mixed 
with  a little  sulphuric  acid,  it  yields,  on  cooling,  flat  prismatic  crystals  of 
silvic  acid:  these  two  acids  constitute  nearly  the  whole  of  the  resin,  and 
according  to  Rose,  (Dumas,  Ch.  App.  aux  Arts , v.,  688,)  they  are 
isomeric;  they  both  consist  of 

Rose. 

Carbon  ....  40  . . 240  . . 79.0  . . 79.28 

Hydrogen  . . . 32  . . 32  . . 10.5  . . 10.36 

Oxygen  ....  4 . . 32  . . 10.5  . . 10.36 

1 304  100.0  100.00 

This  acid  is  insoluble  in  water,  fusible  at  about  212°,  soluble  in  alcohol 
and  ether,  and  in  sulphuric  acid;  but  when  its  sulphuric  solution  is 
decomposed  by  water,  the  precipitate  has  the  properties  of  pinic  acid. 
The  silvates  of  potassa,  soda,  and  ammonia,  are  soluble  in  water;  the 
silvates  of  the  other  bases  are  insoluble,  but  they  mostly  dissolve  in  alcohol 
and  in  ether:  the  silvatc  of  magnesia , especially,  is  soluble  in  alcohol. 
The  alcoholic  solution  of  silvic  acid  yields  a precipitate  in  an  alcoholic 
solution  of  acetate  of  lead:  the  silvatc  of  lead  is  a white  fusible  powder. 
When  alcoholic  solutions  of  silvic  acid  and  nitrate  of  silver  are  mixed,  no 
precipitate  falls;  but  on  the  addition  of  ammonia  a white  powder  is 

* The  manufacture  of  varnishes  would  cellent  article  on  the  subject  in  A i kin’s 
be  irrelevant  to  this  work ; there  is  an  ex-  Chemical  Dictionary. 
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thrown  down,  which  is  silvate  of  silver.  It  is  soluble  in  aleohol  and  in 
excess  of  ammonia. 

Lac  is  a most  useful  substance : it  has  already  been  mentioned  as  a 
source  of  a dye-stuff  (p.  940).  It  may  be  bleached  by  chlorine,  and  then 
forms  excellent  varnish.  It  is  also  the  basis  of  sealing-wax.  Red-wax 
is  made  by  carefully  fusing  together  48  parts  of  shell-lac,  19  of  Venice 
turpentine,  1 of  Peru-balsam,  and  82  of  fine  cinnabar.  Black-wax  is 
coloured  with  lamp-black:  yellow  with  chromate  of  lead:  blue  with  smalt: 
green  with  carbonate  of  copper. 

Amber.  This  substance  is  commonly  regarded  as  an  antediluvian  or 
fossil  resin;  it  is  chiefly  brought  from  the  southern  coast  of  the  Baltic, 
and  is  thrown  up  upon  the  beach  between  Konigsberg  and  Memel:  it  also 
occurs  in  beds  of  brown  coal,  and  of  bituminous  wood.  It  is  transparent, 
or  translucent,  and  of  various  shades  of  yellow  and  brown : its  sp.  gr. 
fluctuates  between  1.06  and  1.07-  It  is  considered  by  Berzelius  as  a 
mixture  of  two  resins,  bitumen,  volatile  oil,  and  succinic  acid.  When 
heated  it  fuses  and  burns,  exhaling  a peculiar  and  somewhat  aromatic 
odour.  It  is  used  for  various  ornamental  purposes;  it  is  the  basis  of  an 
excellent  varnish,  but  it  requires  peculiar  management  to  effect  its  solution 
either  in  oils  or  alcohol:  oil  of  amber  is  used  in  medicine;  but  amber  is 
chiefly  interesting  to  the  chemist  as  the  source  of  succinic  acid , which  is 
exclusively  obtained  from  it,  though  traces  of  the  same  acid  are  also  found 
in  the  resins  of  the  conferee. 

Succinic  Acid.  The  small  pieces  of  amber  which  are  inapplicable  to 
ornamental  purposes  are  used  by  the  manufacturers  of  varnish,  and  as  for 
this  purpose  the  amber  is  heated  or  fused,  a portion  of  acid  and  oil  may 
be  obtained  from  it.  The  common  process  for  the  preparation  of  succinic 
acid  consists  in  subjecting  amber  to  destructive  distillation  in  a proper  appa- 
ratus ; it  fuses,  and  then  a yellowish  aqueous  fluid,  containing  acetic  acid, 
goes  over,  followed  by  empyrcumatic  oil  and  succinic  acid,  part  of  which 
concretes  in  the  receiver.  When  the  matter  in  the  retort  suddenly  subsides, 
the  process  may  he  stopped,  for  a thick  dark-coloured  oil  would  follow, 
which  would  soil  the  other  products ; and  ultimately  a yellow  waxy  matter 
would  rise,  which  is  yielded  by  most  of  the  resins,  and  which  has  not 
been  particularly  examined.  Amber  is  apt  to  be  adulterated,  when  in 
small  fragments,  with  pieces  of  copal,  but  when  it  is  genuine,  16  ounces 
of  it  yield  about  half  an  ounce  of  acid,  3 ounces  of  oil,  and  10  ounces  of 
torrefied  resin,  fit  for  amber-varnish.  When  the  acid  is  the  only  object 
of  the  operation,  Julien  recommends  coarsely  powdering  the  amber,  and 
mixing  with  it,  previous  to  distillation,  one-twelfth  part  of  sulphuric  acid 
diluted  with  an  equal  weight  of  water;  about  twice  as  much  acid,  he 
says,  will  thus  be  obtained  as  when  the  amber  is  merely  heated  alone. 
(Ami.  of  Phil,  ii.,  76.) 

The  acid  as  at  first  produced,  may  be  purified  by  dissolving  it  in  twice 
its  weight  of  nitric  acid,  and  evaporating  it  to  dryness  in  a retort;  a little 
adhering  nitric  acid  may  be  washed  away  by  ice-cold  water,  and  pure 
succinic  acid  remains.  Ilichter  recommends,  for  the  purification  of  this 
acid,  the  saturation  of  the  sublimed  product  with  potassa,  and  ebullition 
with  powdered  charcoal;  the  solution  is  then  filtered,  and  nitrate  of  lead 
added ; the  resulting  insoluble  succinate  of  lead  is  decomposed  by  the  requi- 
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site  addition  of  dilute  sulphuric  acid,  and  the  solution  of  succinic  acid  thus 
obtained,  being  carefully  evaporated,  affords  colourless  prismatic  crystals 
of  the  pure  acid. 

When  succinic  acid  is  obtained  in  the  form  of  crystals  from  its  aqueous 
solutions,  it  is  in  a hydrated  state;  its  specific  gravity  is  1.55;  its  taste 
feebly  acid ; it  is  soluble  in  3 parts  of  boiling  and  about  5 of  cold  water : 
it  is  scarcely  soluble  in  cold  alcohol,  but  boiling  alcohol  dissolves  it  more 
freely;  it  is  almost  insoluble  in  oil  of  turpentine,  by  which  it  is  distin- 
guished from  benzoic  acid.  It  is  not  decomposed  by  chlorine,  nor  by 
nitric  or  sulphuric  acid;  it  is  fusible  and  volatile,  and  not  decomposed  by 
sublimation:  its  fusing-point  is  high,  and  when  it  is  sublimed  it  loses  a 
part,  but  not  the  whole  of  its  water. 

The  substances  chiefly  employed  for  the  falsification  of  this  acid,  are, 
according  to  Dumas,  tartaric  acid,  bisulphate  of  potassa,  and  sal-ammo- 
niac: tartaric  acid  is  discovered  by  the  carbonaceous  residue  which  it 
leaves  when  heated ; the  sulphate,  by  its  want  of  volatility ; and  sal- 
ammoniac  by  the  odour  of  ammonia  which  it  gives  out  when  rubbed 
with  lime. 

According  to  Berzelius,  and  to  F.  D’Arcet,  as  quoted  by  Dumas, 


'(hydrous  succinic  acid  is 

composed  of 

Carbon  ..... 

4 

. . 24  . . 

48 

D'Arcet. 

. . 48.48 

Berzelius. 

. . 47.600 

’Hydrogen  .... 

2 

. . 2 . . 

4 

3.98 

. . 4.512 

Oxygen  ..... 

3 

. . 24  . . 

48 

. . 47.56 

. . 47.888 

Anhydrous  succinic  acid 

1 

50 

100 

100.00 

100.000 

and  the  crystallized  acid  includes  an  atom  of  water;  so  that  the  equiva- 
lent of  the  anhydrous  succinic  acid  is  50,  and  that  of  the  hydrous  or 
crystallized , 59.  The  symbol  of  the  former  being  (4  CUT  -f-  2 fl  3 0)  or 
SUC l ; and  that  of  the  latter  ( 4 CUT  + 3 A + 4 0)  or  S'UC' (J. 

Succinates.  In  the  neutral  succinates,  as  in  the  benzoates,  the  oxygen 
in  the  acid  is  to  that  in  the  base  as  3 to  1 . They  resemble  the  benzoates 
in  appearance  and  in  solubility,  but  the  benzoates  of  lime,  baryta,  and 
mercury,  are  more  soluble  than  the  corresponding  succinates.  They  are 
decomposed  by  the  stronger  acids,  and  by  dry  distillation;  in  the  latter 
case  the  acid  is  resolved  into  water,  an  oily  matter,  and  carburetted 
hydrogen  and  carbonic  oxide. 

Succinate  of  Ammonia  forms  acicular  crystals,  which  sublime  when 
cautiously  heated.  Its  solution  has  been  used  as  a test  for  iron,  the  per- 
oxide of  which  it  throws  down  from  its  neutral  solutions  in  the  form  of  a 
reddish-brown  precipitate. 

Succinate  of  Potassa  is  a very  soluble  deliquescent  salt,  crystallizable 
with  difficulty  in  small  prisms. 

Succinate  of  Soda  forms  transparent  four  and  six-sided  prisms,  con- 
siderably less  soluble  than  the  preceding,  and  permanent  in  the  air. 

Succinate  of  Lime  forms  permanent  and  difficultly-soluble  crystals. 

Succinate  of  Baryta  is  formed  by  adding  succinate  of  ammonia  to 
nitrate  of  baryta.  A portion  is  thrown  down  in  a pulverulent  form,  and 
a part,  in  small  crystalline  grains. 

Succinate  of  Strontia  may  be  formed  as  the  preceding,  and  presents 
similar  properties.  It  burns  with  a fine  red  flame. 
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Succinate  of  Magnesia  is  deliquescent  and  unciy stall i zablc. 

Succinate  of  Manganese  has  been  examined  by  Dr.  John.  (Golden’s 
Journal , iv.)  It  is  crystallizable,  and  of  a slight-red  tinge. 

Succinate  of  Iron.  The  protosuccinate  is  crystallizable  and  soluble; 
the  persuccinate  is  insoluble,  and  is  thrown  down  in  the  form  of  a brown- 
ish-red flaky  precipitate  from  solutions  of  the  peroxide  of  iron.  This  salt 
lias  been  proposed  as  a means  of  separating  iron  in  analysis,  but  in  the 
greater  number  of  cases  it  is  inconvenient. 

Succinate  of  Zinc  furnishes  long  slender  crystals. 

Succinate  of  Tin.  The  succinic  acid  dissolves  protoxide  of  tin,  and 
forms  with  it  thin  broad  transparent  crystals. 

Succinate  of  Copper.  The  neutral  salt  is  soluble,  and  when  digested 
with  oxide  of  copper  yields  an  insoluble  subsuccinate. 

Succinate  of  Lead  is  thrown  down  in  the  form  of  an  anhydrous 
powder  (P L + SUCb)  It  is  soluble  in  excess  of  the  acid,  and  yields  a 
crystallizable  bisuccinate , and  a basic  succinate  by  the  action  of  ammonia. 

Succinate  of  Mercury  is  very  difficultly  soluble. 

Succinate  of  Silver  forms  delicate  lamellar  crystals. 

Succinone.  This  term  has  been  applied  to  the  oleaginous  product  of 
the  destructive  distillation  of  succinate  of  lime. 


Succinamide.  When  ammonia  acts  upon  dry  succinic  acid,  heat  is 
evolved,  water  is  given  off,  and  a fusible  crystallizable  amide  is  formed, 
soluble  in  alcohol  and  water.  In  its  anhydrous  state  it  consists,  according 
to  D’Arcet,  of 


Carbon 

8 

48 

D’Arcet. 

48.93 

Hydrogen  .... 

5 

5 

4.98 

Oxygen 

4 

32 

31.96 

Nitrogen 

1 

14 

14.13 

Anhydrous  succinamide 

T 

99 

100.00 

The  crystallized  succinamide  includes  2 equivalents  of  water;  so  that 
the  symbol  of  the  anhydrous  compound  being  (s  CCLT  5 h + 4 0 + 71 ), 
rr  99 : that  of  the  hydrated  is  (8  COLT  + 7 fl  + c 0 + 71). 

Caoutchouc.  I place  this  curious  vegetable  product  among  the  resins, 
though  it  more  strictly  belongs  to  the  modifications  of  hydrocarbon , for, 
according  to  Faraday’s  analysis,  it  consists,  when  deprived  of  adhering 
impurities,  of  carbon  and  hydrogen  only.  It  is  obtained  from  the  sap  of 
several  South  American  and  Oriental  plants,  more  especially  from  the 
Hevcea  caoutchouc , the  Iatropha  elastica , the  Ficus  Indie  a and  the  Arto- 
carpus  integrifolia.  It  first  exudes  in  the  form  of  a milky  juice,  from 
which  the  caoutchouc  gradually  separates.  It  is  insoluble  in  water  and 
in  alcohol,  but  dissolves  sparingly  in  washed  ether.  Some  of  the  liquid 
hydrocarbons  soften  and  dissolve  it  in  a very  remarkable  manner,  and 
yield  solutions  which  have  been  importantly  applied  to  the  manufacture 
of  water-proof  clothing,  (p.  491.)  It  is  only  difficultly  acted  upon  by 
acids  and  alkalis.  It  burns  in  the  air  with  a bright  smoky  flame:  when 
heated  it  fuses,  and  remains  more  or  less  viscid:  subjected  to  destructive 
distillation  it  yields  a large  relative  proportion  of  a highly  volatile  and 


982 


BITUMENS. 


inflammable  liquid  hydrocarbon,  tlic  specific  gravity  of  which  is  only  0.64. 
This  product,  which  is  applicable  to  many  useful  purposes  in  the  arts,  is 
made  upon  a large  scale  by  Messrs.  Enderby  of  London:  it  is  a solvent 
of  caoutchouc  itself,  and  of  other  substances  used  as  varnishes.  The 
various  applications  of  caoutchouc,  in  the  manufacture  of  elastic  articles 
and  other  useful  products,  are  as  yet  probably  in  their  infancy  only : the 
consumption  of  it  for  water-proof  and  air-tight  textures,  is  already  very 
considerable. 


§ XVI.  Bitumens.  Coal.  Tar,  &c. 

Bitumens  are  fossil  substances,  bearing  considerable  resemblance  to  oily 
and  resinous  bodies,  from  which,  and  from  coal,  they  have  probably  been 
produced  by  the  action  of  subterranean  fire.  The  chemical  habitudes  of 
several  of  these  substances  have  been  investigated  by  Mr.  Hatchett. 
{Phil.  Trans.,  1804.)  The  following  are  the  principal  varieties: 

a.  Naphtha  has  already  been  described  as  a binary  compound  of  carbon 
and  hydrogen,  (p.  490.) 

h.  Petroleum  has  most  of  the  properties  of  naphtha,  but  is  less  fluid, 
and  darker  coloured.  In  the  countries  where  it  abounds,  it  is  employed 
for  burning  in  lamps.  By  distillation,  it  affords  a substance  resembling 
naphtha,  and  mineral  pitch,  or  asphaltum,  remains  in  the  retort. 

c.  Mineral-tar  appears  to  be  petroleum  further  inspissated.  It  is 
more  viscid,  and  of  a deeper  colour. 

d.  Maltha,  or  Mineral  Pitch,  is  a soft  inflammable  substance, 
heavier  than  water,  and  may  be  considered  as  derived  from  the  exsiccation 
of  mineral  tar. 

c.  Asphaltum  is  found  abundantly  on  the  shores  of  the  Dead  Sea,  in 
Albania,  and  in  the  island  of  Trinidad.  Its  colour  is  brown  or  black ; it 
is  heavier  than  water,  and  readily  soluble  in  naphtha.  Asphaltum  was 
one  of  the  materials  used  by  the  ancient  Egyptians  in  embalming;  hence 
termed  mumia  mineralis.  At  Babylon  it  was  used  for  mortar.  It  dis- 
solves in  naphtha,  and  the  solution  forms  a good  varnish. 

f.  Elastic  Bitumen,  or  Mineral  Caoutchouc,  is  found  only  in  the 
vicinity  of  Castleton  in  Derbyshire,  and  at  Montrelais  in  France.  It  is 
fusible  and  inflammable,  and  when  distilled  per  se,  affords  products 
corresponding  to  petroleum  and  asphaltum. 

g.  Mineral  Adipocire,  or  IIatchetine,  is  a fatty  matter  found 
in  the  argillaceous  iron  ore  of  Merthyr:  it  is  fusible  at  about  160°,  and 
inodorous  when  cold,  but  of  a slightly  bituminous  odour  when  heated,  or 
after  fusion. 

The  above  substances  are  insoluble  in  water,  and  difficultly  soluble  in 
alcohol,  with  the  exception  of  naphtha  and  petroleum,  which  are  soluble 
in  highly-rectified  alcohol.  Some  of  them  are  hydrocarbons,  and  some 
contain  small  relative  proportions  of  oxygen. 

h.  Petinaspiialtum  is  a substance  which  accompanies  the  Bovey-coal 
of  Devonshire.  I have  also  found  it  in  some  of  the  Staffordshire-coal. 
It  was  first  analyzed  by  Mr.  Hatchett,  who  found  it  to  consist  of  55  resin, 
41  asphaltum,  4 earthy  matter  and  loss. 

i.  Pit-coal.  There  are  three  chemical  varieties  of  this  important 
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substance.  ].  The  first,  or  brown-coal , retains  some  remains  of  the 
vegetables  from  which  it  has  originated.  When  heated,  it  exhales  a 
bituminous  odour,  and  burns  with  a clear  flame.  It  is  generally  of  a 
tough  consistency,  and  yields,  according  to  Mr.  Hatchett,  a portion  of 
unaltered  vegetable  extract,  and  resin.  2.  The  second  variety,  or  black-coal , 
is  the  ordinary  fuel  of  this  country.  It  exhibits  few  or  no  traces  of  vege- 
table origin,  and  consists  principally  of  bitumen  and  charcoal,  in  variable 
proportions.  When  exposed  to  heat,  it  swells,  softens,  and  burns  with  a 
bright  flame,  leaving  a small  quantity  of  ashes.  Many  varieties,  however, 
abound  in  earthy  matter,  and  these  produce  copious  cinders,  and  burn 
with  a less  intense  heat.  The  products  of  the  destructive  distillation  of 
this  kind  of  coal  have  been  already  described,  (p.  495.)  The  residue  is 
a hard,  sonorous  charcoal,  termed  coke , and  containing  the  earthy  ingre- 
dients of  the  coal.  3.  The  third  variety,  or  glance-coal , consists  almost 
entirely  of  charcoal  and  earthy  matter.  It  burns  without  flame,  and, 
when  distilled,  yields  scarcely  any  gaseous  products.  All  the  varieties 
of  common  coal  contain  nitrogen,  and  afford  ammonia  when  subjected  to 
destructive  distillation.  In  consequence  of  the  enormous  quantities  of 
pit-coal  distilled  for  the  production  of  illuminating-gas,  a part  of  the 
commercial  demand  for  ammoniacal  salts  is  now  supplied  from  that 
source.  Dr.  Thomson  arranges  the  different  kinds  of  British  coal  under 
the  following  divisions.  {Ann.  of  Phil .,  xiv.)  1.  Caking-coal;  2.  Splin- 
tery-coal; 3.  Cherry-coal , which  is  less  hard  and  more  slaty  in  fracture; 
4.  Cannel-coal:  such  as  that  from  Wigan  in  Lancashire.  These  varieties 
he  states  to  be  composed  as  follows: 


Cabing-coal. 

Splint-coal. 

Cherry-coal. 

Cannel-coal. 

Carbon 

. . 75.28 

75.00 

74.45 

64.72 

Hydrogen 

. . 4.18 

6.25 

12.40 

21.56 

Nitrogen  . 

. . 15.96 

6.25 

10.22 

13.72 

Oxygen 

. . 4.58 

12.50 

2.93 

0.00 

100.00 

100.00 

100.00 

100.00 

The  proportion  of  nitrogen  here  given  appears  enormous.  Dr.  Ure 
{Phil.  Trans.  1822,  p.  467)  obtained  the  following  results: 


Carbon  . 

Cannel-coal. 

. . 72.22 

Splint-coal. 

70.90 

Hydrogen  . 

. . 3.93 

... 

4.30 

Nitrogen 

. . 2.80 

... 

0.00 

Oxygen  . 

. . 21.05 

... 

24.80 

100.00 

100.00 

Dr.  Henry  regards  Dr.  Ure’s  results,  as  far  as  concerns  the  oxygen, 
to  be  the  most  correct,  but  he  always  obtained  ammonia  from  both  the 
above  varieties  of  coal,  and  therefore  infers  the  existence  of  nitrogen, 
though  scarcely  to  the  extent  given  by  Dr.  Thomson.  The  following  are 
Dr.  Thomson’s  results,  as  to  the  volatile  products,  coke  and  ash,  in 


Volatile  products. 

Weight  of  Cube. 

Incombustible 

1000  parts  of  caking-coal 

...  226 

774 

15 

splint -coal 

...  352 

647 

95 

cherry-coal 

. . . 477 

522 

100 

cannel-coal 

. . . 600 

400 

110 
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k.  Peat  and  Turf  consist  principally  of  the  remains  of  vegetables, 
having  undergone  comparatively  little  change.  They  often  contain 
bituminous  wood,  branches  and  trunks  of  trees,  and  vegetable  extract. 

l.  Mellilite,  or  Honeystone,  is  a rare  substance,  found  in  the  brown- 
coal  of  Thuringia,  and  in  Switzerland.  It  is  of  a honey-yellow  colour, 
crystallized  in  octoedra,  and,  when  analyzed  by  Klaproth,  was  found  to 
consist  of  alumina  combined  with  a peculiar  acid,  which  has  been  termed 
Mellitic  acid. 

Mellitic  Acid  is  obtained  by  digesting  the  native  mellitate  of  alumina 
in  carbonate  of  ammonia  or  potassa,  decomposing  the  resulting  alkaline 
salt  by  acetate  of  lead,  which  produces  an  insoluble  mellitate  of  lead , 
and  which,  diffused  through  water,  and  exposed  to  a current  of  sulphu- 
retted hydrogen,  yields  sulphuret  of  lead,  and  the  mellitic  acid  is  set  free. 
It  has  a peculiar  sour,  bitter,  and  sweet  taste,  is  very  soluble  in  water  and 
alcohol,  and  crystallizes  in  white  needles:  it  is  not  altered  by  nitric  or 
muriatic  acid,  but  is  modified  when  boiled  with  anhydrous  alcohol : it  has 
been  analyzed  by  Liebig  and  Wohler  {Aim.  de  Chim.  et  Phys .,  xliii., 
200),  who  consider  it,  in  its  anhydrous  state,  as  an  acid  of  carbon,  com- 
posed of  4 atoms  of  carbon  + 3 of  oxygen,  and  containing,  in  its  hydrated 
state,  1 atom  of  water.  So  that,  in  the  latter  state,  it  may  be  represented 
by  (4 CCIV A-  4 0 + A),  or  (4 CCLT -{•  3 0+  (J).  Its  analogy  to  oxalic  acid 
is  obvious:  its  salts  are  less  soluble  than  the  oxalates. 

Tar.  This  term  is  applied  to  one  of  the  products  of  the  destructive 
distillation  of  organic  substances,  and  is  designated,  according  to  its  source, 
vegetable-tar , coal-tar , and  animal-tar.  It  is  brown  or  black,  of  a thick 
consistency,  and  a strong  and  peculiar  odour,  varying  with  its  source.  It 
has  been  frequently  subject  of  experiment,  but  has  lately  acquired  peculiar 
interest  from  the  researches  of  Reiclienbach,  who  has  obtained  from  it 
several  definite  compounds,  of  which  the  most  remarkable  are  the  following: 

1.  Paraffine.  When  beecli-tar  is  distilled,  three  liquids  pass  into 
the  recipient;  1.  a light  oil;  2.  an  aqueous  acid;  3.  a heavy  oil.  The 
heavy  oil  is  subjected  to  several  redistillations,  and  then  sulphuric  acid  is 
gradually  added  to  it,  till  the  mixture  becomes  a black  and  thin  liquid : and 
if  it  does  not  spontaneously  rise  in  temperature  to  212°,  it  is  to  be  heated 
up  to  that  point:  the  mixture  is  then  kept  for  twelve  hours,  or  more,  at  a 
temperature  of  about  122°,  when  a colourless  oil  will  be  found  floating 
upon  its  surface,  which  is  to  be  carefully  poured  off,  and,  on  cooling,  the 
paraffine  concretes  upon  its  surface:  it  is  to  be  removed,  washed,  and 
pressed  in  folds  of  bibulous  paper,  and  finally  purified  by  solution  in  hot 
anhydrous  alcohol,  from  which  it  separates,  on  cooling,  in  a solid  form; 
it  is  somewhat  flexible,  and  not  greasy;  crystalline,  tasteless,  and  odour- 
less: at  112°  it  fuses  into  a transparent  oily  liquid,  and  at  a higher 
temperature  boils  and  distils  without  change:  its  vapour  bums  with  a 
white  sootlcss  flame.  Its  specific  gravity  is  0.870.  Its  name  is  derived 
from  its  inertness  as  a chemical  agent,  or  its  want  of  affinity.  ( parurn 
affinis.)  It  resists  the  action  of  acids,  alkalis,  chlorine,  and  potassium, 
and  cannot  be  united  by  fusion  with  camphor,  naphthaline,  benzoin,  or 
pitch;  but  it  unites  with  stearine,  cetine,  becs’-wax,  colophony,  and  readily 
dissolves  in  oil  of  turpentine  and  in  naphtha  100  parts  of  ether  dissolve 
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]40  of  paraffine  at  the  temperature  of  75°;  at  a lower  temperature  the 
solution  concretes  into  a white  crystalline  mass.  It  separates  from  its  hot 
alcoholic  solution  in  crystalline  laminae,  when  not  too  concentrated. 
According  to  J.  Gay  Lussac  (Ann.  de  Chim.  et  Phys .,  l.  78,)  it  is  a binary 
compound  of  carbon  and  hydrogen,  and  its  elements  are  in  the  same  ratio 
as  those  of  olefiant  gas,  &c.,  but  as  the  density  of  its  vapour  has  not  been 
determined,  its  atomic  constitution,  and  its  equivalent,  remain  unascer- 
tained. Paraffine  appears  to  exist  in  the  fossil  wax  of  Moldavia  (Magnus, 
Ann.  de  Chim.  et  Phys .,  lv.  217,)  and  in  the  product  of  the  distillation  of 
bituminous  schist.  (Laurent  ibid,  liv.,  392.) 

Eupion.  This  liquid  was  also  discovered  by  Reichcnbacli.  (Ann  de 
Chim.  et  Phys .,  l.  09.)  It  is  associated  with  paraffine ; but  it  is  most 
abundant  in  animal  tar , especially  that  obtained  from  horn  or  bones. 
This  tar  is  distilled,  so  as  to  obtain  about  five-eighths  of  product,  and  this 
is  again  distilled,  so  as  to  yield  about  three-eighths:  this  last  product  is 
mixed  with  an  eighth  of  sulphuric  acid,  and  the  lighter  yellow  liquid 
which  then  separates  is  poured  off,  mixed  with  its  weight  of  sulphuric  acid, 
and  distilled  ; a colourless  liquid  passes  over,  which  is  to  be  mixed  with  a 
solution  of  potassa;  after  some  time,  it  separates  upon  the  surface  of  the 
mixture,  when  it  is  to  be  poured  off,  mixed  with  a fourth  its  weight  of 
sulphuric  acid,  and  again  distilled,  washed  with  hot  solution  of  potassa, 
decanted  off  as  before,  and  slowly  distilled  with  water  till  three-fourths 
have  passed  over:  this  ultimate  product  is  placed  in  vacuo  for  24  hours, 
then  heated  to  its  boiling-point  with  a few  grains  of  potassium,  and  when 
it  no  longer  is  at  all  acted  on  by  that  metal,  it  is  allowed  to  cool  and 
poured  from  the  deposits:  it  is  then  eupion.  If  it  contain  paraffine,  the 
two  may  be  separated  by  distillation  with  water,  and  the  first  portions 
which  pass  over  are  then  entirely  free  from  it. 

Eupion  is  tasteless,  colourless,  inodorous,  very  limpid,  specific  gravity 
0.74;  it  remains  liquid  at  — 4U,  and  boils  at  about  340°,  distilling  over 
without  change.  It  is  a non-conductor  of  electricity.  Its  vapour  burns 
with  a pure  white  flame.  It  is  insoluble  in  water.  100  parts  of  alcohol 
at  66°,  dissolve  33  parts,  but  at  a lower  temperature  the  greater  part  of 
the  eupion  separates.  Acetic  ether  dissolves  about  a third  of  eupion; 
sulphuret  of  carbon,  oil  of  turpentine,  naphtha,  and  almond  and 
olive  oil  readily  mix  with  it:  it  dissolves  chlorine  and  bromine,  and  again 
evolves  them  when  heated:  with  iodine  it  forms  a blue  solution:  aided 
by  heat  it  dissolves  phosphorus,  sulphur,  and  selenium,  but  deposits  the 
greater  portion  on  cooling.  It  dissolves  naplithalin,  camphor,  stearin, 
cetine,  cholesterine,  and  paraffine,  at  common  temperatures,  and  more 
abundantly  when  heated.  Caoutchouc  swells  in  it,  and  dissolves  when 
heated,  but  the  solution  remains  glutinous  when  spread  upon  a surface, 
except  it  be  dried  by  heat.  The  acids  and  alkalis  are  without  action  on 
eupion,  and  it  is  not  altered  by  exposure  to  air.  It  has  not  been 
analysed.  Its  name  is  derived  from  w,  well,  and  muv,  greasy , for  it  has 
the  greasiness  of  a fixed  oil. 

Kreosote,  or  Creosote  (from  xpsa?,  flesh  and  I save.)  This 

interesting  product  was  discovered  also  by  Reichcnbacli,  (Ann.  de  Chim., 
et  Phys.,  liii.  325.)  It  is  obtained  from  wood-tar , which  is  subjected  to 
distillation  till  the  residue  has  the  consistency  of  pitch;  but  the  process 
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should  not  be  urged  too  far.  Oil , and  acid  water  pass  over;  the  former 
is  separated,  and  distilled  in  a glass  retort  (not  to  dryness),  when  two 
products  are  again  obtained,  of  which  the  acid  water  is  rejected  as  before, 
and  the  oil  preserved.  In  these  distillations,  the  oil  which  first  passes 
over  is  lighter  than  that  which  succeeds,  its  density  augmenting  with  the 
heat:  the  lighter  oil  contains  but  little  kreosote,  and  consists  chiefly  of 
eupion  and  lighter  products:  the  heavy  portion  is  pale-yellow,  but  becomes 
brown  by  exposure  to  air ; it  has  a disagreeable  odour,  and  tastes  caustic, 
sour,  sweet,  and  bitter.  To  this  heavy  oil,  carbonate  of  potassa  is  added 
as  long  as  it  effervesces;  it  is  then  poured  off  from  the  produced  acetate 
of  potassa,  and  redistilled  (not  to  dryness):  the  lighter  part  is  again 
rejected,  and  the  heavy  oil  is  now  dissolved  in  a solution  of  caustic 
potassa  of  the  specific  gravity;  1.12:  heat  is  evolved,  and  an  insoluble 
compound  of  eupion,  and  other  oils,  floats  upon  the  surface  and  is  removed. 
The  alkaline  solution  is  then  gradually  heated  in  an  open  capsule  to  its 
boiling-point;  it  rapidly  absorbs  oxygen,  and  becomes  brown;  it  is  suffered 
to  cool  in  the  air,  and  then  dilute  sulphuric  acid  is  added,  which  causes 
the  oil  to  separate.  This  oil  is  now  mixed  with  water  and  a little  caustic 
potassa,  in  a retort,  and  the  mixture  subjected  to  rapid  ebullition;  but  in 
consequence  of  the  feeble  tension  of  kreosote  vapour  at  212°,  it  passes 
slowly  over ; at  length  a period  arrives  when,  although  much  oil  remains 
in  the  retort,  but  little  passes  over,  notwithstanding  the  heat  is  raised : it 
is  then  time  to  stop  the  process ; the  residue  contains  picamar , sulphate 
and  acetate  of  potassa,  and  a brown  substance. 

The  oil  in  the  receiver  is  now  separated  from  the  water,  and  again 
dissolved  in  a similar  solution  of  potassa:  a portion  of  light  insoluble  oil 
separates  as  before,  which,  being  removed,  the  mixture  is  heated  in  an 
open  vessel  as  before,  and  as  it  slowly  cools,  it  again  becomes  brown,  but 
less  so  than  formerly;  sulphuric  acid  is  then  added  in  slight  excess,  and 
the  evolved  oil  is  washed,  as  long  as  it  is  acid,  with  cold  water.  The 
distillation  of  this  oil  with  water  is  again  repeated,  but,  instead  of  adding 
potassa,  a little  phosphoric  acid  is  employed  to  abstract  a portion  of 
ammonia  which  the  oil  still  retains.  The  distilled  oil  is  now,  for  the 
third  time,  dissolved  in  the  caustic  potassa,  and  if  the  precautions  above 
described  have  been  attended  to,  they  combine  without  the  separation  of 
any  oily  matter,  and  the  mixture,  exposed  to  air,  only  acquires  a slight 
red  tinge.  When  the  kreosote  is  now  ultimately  separated  from  its 
combination  with  the  potassa,  it  is  sufficiently  pure  for  medical  use : 
to  obtain  it  absolutely  pure,  it  must  be  distilled  with  water,  and  this 
hydrated  product  again  rectified : water  first  goes  over,  and  afterwards,  at 
a high  temperature  (203°  Cent.),  the  kreosote:  to  deprive  it  absolutely  of 
water,  its  vapour  must  be  passed  over  chloride  of  calcium. 

I have  copied  the  above  details  from  Dumas : the  process,  though  not 
difficult,  is,  as  he  observes,  very  troublesome,  but  methods  of  improving 
and  facilitating  it  will  doubtless  be  discovered. 

Kreosote , when  pure,  is  a colourless  transparent  liquid,  of  great 
refractive  power,  a penetrating  and  strong  odour  resembling  that  of 
smoked  meat:  it  has  a burning  caustic  taste:  its  specific  gravity  is  1.037 
at  65°;  it  boils  at  397°  (203°  Cent.);  and  retains  its  fluidity  at  — 17°. 
It  is  a non-conductor  of  electricity,  and  it  burns  with  a very  sooty  flame. 
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When  mixed  with  water,  two  solutions  result;  the  one  consisting  of  1.25 
kreosote  + 100  water;  the  other,  of  100  kreosote  + 10  water.  The  aqueous 
solution  is  neither  acid  nor  alkaline. 

Pure  kreosote  dissolves  oxide  of  copper,  forming  a brown  solution : 
when  boiled  with  peroxide  of  mercury,  it  is  reduced,  and  the  kreosote 
converted  into  a resin.  It  produces  effervescence  and  red  fumes  with 
nitric  acid : it  absorbs  chlorine  and  is  gradually  changed  by  it  into  a resin. 
It  is  coloured  by  bromine,  iodine,  sulphur  and  phosphorus.  With  potas- 
sium it  evolves  gas,  and  potassa  is  formed,  which  combines  with  the 
kreosote.  Jt  is  thickened  and  blackened  by  concentrated  sulphuric  acid. 
Acetic  acid  is  its  most  perfect  solvent.  It  forms  two  compounds  with 
potassa;  the  one  anhydrous,  liquid,  and  of  an  oily  consistence;  the  other 
hydrated,  and  crystallizable  in  nacreous  plates.  All  the  acids  decompose 
these  compounds,  and  separate  unaltered  kreosote.  With  soda  it  produces 
similar  combinations.  It  also  combines  with  ammonia,  lime,  and  baryta. 
It  dissolves  many  salts.  Alcohol,  ether,  sulphuret  of  carbon,  eupion, 
naphtha,  and  acetic  ether,  dissolve  it  in  all  proportions.  It  does  not 
combine  with  pure  paraffine.  It  dissolves  the  resins,  and  all  colouring- 
matters,  including  those  of  cochineal,  saunders-wood,  dragons’-blood, 
madder,  saffron,  and  with  the  aid  of  heat,  indigo.  Its  action  upon 
Caoutchouc,  unlike  that  of  eupion,  is  very  feeble. 

Kreosote  immediately  coagulates  egg-albumen,  although  much  diluted  ; 
it  also  coagulates  serum.  Meat  and  fish  are  preserved  after  having  been 
brushed  over  with  kreosote  and  dried  in  the  sun;  and  it  appears  to  be  the 
principle  to  which  the  antiseptic  powers  of  wood-smoke,  and  pyroligneous 
acid,  are  due.  Its  action  upon  the  animal  system  is  energetic ; it  is 
painful  upon  the  tongue,  destroys  the  epidermis,  and  kills  fishes  and 
insects:  it  also  destroys  vegetation.  It  is  medicinally  employed  in  tooth  - 
aeh,  cancer,  ulcers,  and  cutaneous  diseases,  externally;  and  to  check 
haemorrhage;  and  internally  as  a stimulant,  and  for  the  prevention  of 
nausea  and  vomiting.  Three  or  four  drops,  added  to  a pint  of  ink, 
effectually  prevents  its  mouldiness.  According  to  Ettling,  ( Ann  cle  Chim. 
et  Phys .,  liii.  333,)  it  consists  of  77-42  carbon,  8.12  hydrogen,  14.46 
oxygen ; but,  as  it  probably  retains  a variable  portion  of  water,  its  atomic 
constitution  cannot  be  accurately  inferred. 

Picamar.  This  is  the  bitter  principle  of  tar ; whence  it  derives  its 
name  ( Picis  amarum.  ) it  is  contained  in  the  heavy  oil  of  wood-tar ; 
that  portion,  the  sp.  gr.  of  which  exceeds  1.095,  is  mixed  with  8 parts  of 
a solution  of  potassa,  sp.  gr.  1.15,  and  left  to  itself:  a layer  of  impure 
eupion  and  paraffine  separates  upon  the  surface,  after  which  the  liquor 
clears,  and  in  24  hours  deposits  brilliant  acicular  or  lamellar  crystals ; 
these  are  dried  between  folds  of  blotting-paper,  and  repeatedly  dissolved 
in  boiling  solution  of  potassa,  till  the  mother-liquors  are  colourless,  and 
the  crystals  buff-coloured : they  are  then  decomposed  by  dilute  phos- 
phoric acid,  which  combines  with  the  potassa,  and  separates  a brownish 
limpid  oil,  which,  after  having  been  two  or  three  times  redistilled  with 
water  acidulated  by  phosphoric  acid,  is  ultimately  carefully  rectified 
without  addition.  The  product  thus  obtained  is  picamar.  It  is  almost 
colourless  and  transparent ; its  consistency  is  that  of  oil,  and  it  is  greasy. 
It  is  insupportably  bitter,  with  an  aroma  like  peppermint;  its  sp.  gr.  is 
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1.10  at  65°.  It  boils  at  545°,  being  less  volatile  than  kreosotc.  Nitric 
and  hot  sulphuric  acid  decompose  it : it  dissolves  in  acetic  acid,  and  is 
the  source  of  the  bitter  flavour  of  crude  pyroligneous  acid.  It  is  soluble 
in  all  proportions  in  alcohol,  and  in  sulphuric  and  acetic  ether,  and  in 
kreosote.  It  neither  dissolves  paraffine,  asphaltum,  nor  amber : it  takes  up 
caoutchouc  when  hot,  but  deposits  it  again  on  cooling.  It  forms  crystal- 
lizable  compounds  with  potassa,  which  are  almost  insoluble  in  pure 
alcohol : weak  alcohol  dissolves  the  crystals  when  hot,  but  deposits  them 
again  as  it  cools.  When  impure,  these  crystals  gradually  become  brown 
or  blue.  It  also  combines  with  ammonia,  soda,  lime,  and  baryta,  but  the 
bases  are  not  neutralized  in  any  of  these  compounds.  Picamar  reduces 
red  oxide  of  mercury  to  the  metallic  state,  and  minium  to  the  state  of 
protoxide. 

Pittacal.  When  a few  drops  of  baryta- water  are  added  to  an 
alcoholic  solution  of  impure  picamar,  or  even  of  oil  of  tar,  deprived  of  its 
acid,  the  liquor  immediately  assumes  a bright-blue  tint,  which  in  a few 
minutes  passes  into  an  indigo  colour.  Dumas  considers  this  substance 
identical  with  a blue  product  obtained,  in  1827,  from  coal-tar,  by  MM. 
Barthe  and  Laurent.  Reichenbach  gave  it  the  above  name,  from  vnfN, 
pitch , and  >caAAo?,  ornament. 

The  mode  of  separating  pittacal  has  not  been  clearly  described : 
Dumas  states,  that  when  precipitated  in  a flocculent  state  from  its  solu- 
tions, or  obtained  by  evaporation,  it  closely  resembles  indigo,  and,  like  it, 
acquires  a coppery  hue  when  rubbed : it  is  inodorous,  tasteless,  and  not 
volatile : at  a high  temperature  it  becomes  charred  without  evolving 
ammonia.  It  is  decomposed  by  nitric  acid ; muriatic  and  dilute  sulphuric 
acid  dissolve  it ; and  it  is  abundantly  soluble  in  acetic  acid,  forming  a red 
liquid,  which,  when  saturated  by  an  alkali,  becomes  of  a bright  blue. 
Reichenbach  represents  it  as  a more  delicate  test  of  acids  and  alkalis  than 
litmus.  It  is  insoluble  in  alcohol,  in  ether,  and  in  eupion.  With  acetate 
of  lead,  protochloride  of  tin,  ammonio-sulphate  of  copper,  and  acetate  of 
alumina,  it  yields  a fine  blue  colour  with  a tint  of  violet : these  combina- 
tions may  probably  be  useful  as  dye-stuffs,  for  they  are  not  affected  by 
air  or  light.  It  is  said,  like  indigo,  to  contain  nitrogen,  but  its  ultimate 
composition  has  not  been  accurately  determined. 

Capnomor,  (>tce.7rvo?,  smoke , and  /^p,  part , because  it  forms  paid  of 
wood-smoke.)  This  is  a colourless  transparent  liquid  of  a pungent  and 
rather  agreeable  odour,  which  occurs  with  the  above  products  in  the 
heavy  oil  of  tar.  When  that  oil  is  digested  with  solution  of  potassa,  the 
kreosote,  picamar,  and  pittacal  are  taken  up,  and  capnomor , with  a little 
eupion  floats  upon  the  surface : this  is  separated  and  mixed  with  sul- 
phuric acid,  which  dissolves  the  capnomor  and  leaves  eupion ; carbonate 
of  potassa  separates  the  capnomor  from  its  acid  combination,  and  it  is 
purified  by  distillation.  Its  specific  gravity  is  0.975  : it  boils  at  305°. 
It  is  insoluble  in  water  and  the  alkalis,  but  soluble  in  alcohol,  in  ether, 
and  in  eupion.  Its  composition  has  not  been  determined. 

The  above  is  an  outline  of  the  history  of  the  extraordinary  products 
contained  in  tar:  when  considered  in  reference  to  the  various  hydro- 
carbons already  noticed,  as  producible  from  coal-tar,  and  by  the 
destructive  distillation  of  resins  and  oils,  the  whole  subject  acquires  a 
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considerable  degree  of  interest,  and  leaves  little  doubt  that  the  apparent 
complexity  and  incongruity  which  hangs  over  the  inquiries  as  they  now 
stand,  will  be  done  away  by  the  further  examination  of  their  mutual 
relations,  and  by  the  attainment  of  more  exact  views  of  their  ultimate 
and  atomic  constitution. 


§ XVIL  VEGETABLE  ACIDS. 

This  Section  will  be  devoted  to  the  tartaric , oxalic , citric , and  malic 
acids , which  are  the  principal  of  those  found  ready-formed  in  our  common 
fruits,  and  are  of  important  application  in  the  arts  and  domestic  economy, 
and  to  a few  other  acids  of  more  rare  occurrence,  or  which,  by  analogy, 
may  be  ranked  with  the  above. 

1.  Tartaric  Acid.  Scheele  first  obtained  crystallized  tartaric  acid 
in  the  year  1 778-  It  exists  free  in  the  pulp  of  tamarinds,  in  grapes,  and 
in  the  pepper-plant : as  tartar , in  tamarinds,  grapes,  mulberries,  and 
samphire ; in  the  root  of  wheat  ( Triticum  repens ),  and  of  dandelion 
( Lcontodon  taraxacum ),  in  the  berries  of  sumach  ( Rhus  coriaria ),  and  in 
the  rhubarb-plant,  the  potato,  madder,  and  Iceland-moss : as  tartrate  of 
lime  in  squills,  madder-root,  quassia-wood,  the  fruit  of  Rhus  typhinum , 
and  the  tubercles  of  the  Helianthus  tuberosus.  (Gmelin.) 

Tartaric  acid  is  generally  obtained  from  the  bitartrate  of  potassa. 
Mix  1 00  parts  of  this  salt  in  fine  powder  with  30  of  powdered  chalk,  and 
gradually  throw  the  mixture  into  10  times  its  weight  of  boiling  water: 
when  the  liquor  has  cooled,  pour  the  whole  upon  a linen  strainer,  and 
wash  the  white  powder  which  remains  with  cold  water : this  is  a tartrate 
of  lime  ; diffuse  it  through  a sufficient  quantity  of  water,  add  sulphuric 
acid  equal  in  weight  to  the  chalk  employed,  and  occasionally  stir  the 
mixture  during  24  hours ; then  filter,  and  carefully  evaporate  the  liquor 
to  about  one-fourth  its  original  bulk ; filter  again,  and  evaporate  with 
much  care  nearly  to  dryness ; redissolve  the  dry  mass  in  about  six  times 
its  weight  of  water,  render  it  clear  by  filtration,  evaporate  slowly  to  the 
consistency  of  syrup,  and  set  aside  in  a warm  place  to  crystallize.  By 
two  or  three  successive  solutions  and  crystallizations,  tartaric  acid  will  be 
obtained  in  nearly  colourless  crystals ; they  may  be  perfectly  whitened  by 
the  aid  of  a little  animal  charcoal.  Tartaric  acid  may  also  be  obtained 
by  neutralizing  1 part  of  tartar  by  carbonate  of  potassa,  and  digesting  the 
solution  for  an  hour  with  8 parts  of  quicklime,  decanting  the  liquor  (which 
contains  caustic  potassa)  washing  the  residue  with  dilute  acetic  or  muri- 
atic acid  to  free  it  from  excess  of  lime,  and  then  decomposing  it  by  dilute 
sulphuric,  as  above.  ( Osann .)  Dr.  Henry  states,  that  in  this  process  the 
free  potassa  prevents  the  precipitation  of  the  tartrate  of  lime.  Eab- 
broni  obtained  tartaric  acid  by  adding  excess  of  powdered  tartar  to  a 
boiling  mixture  of  1 part  of  sulphuric  acid  and  3 of  water ; the  solution, 
on  cooling,  deposits  some  tartar  and  sulphate  of  lime,  from  which  it  is 
poured  off  and  evaporated  to  a small  bulk ; alcohol  is  then  added,  which 
dissolves  out  the  tartaric  acid,  and  leaves  bisulphate  of  potassa.  {Ann.  de 
Chim.  et  Rhys.,  xxv.,  9.)  Tartaric  acid  may  also  be  obtained  by  decom- 
posing tartrate  of  lead,  diffused  through  water,  by  sulphuretted  hydrogen. 
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Crystallized  tartaric  acid  is  intensely  sour : its  specific  gravity  is  1.6: 
it  is  generally  semitransparent,  and  of  complicated  forms : these  appear  to 
be  modifications  of  a rhombic  prism.  (Brooke,  Ann.  of  Phil.,  2nd  series, 
vi.,  118.  Peclet,  Ann.  de  Chim.  el  Phys .,  xxxi.,  78.)  It  is  not  altered 
in  a dry  atmosphere,  hut  in  humid  air  it  tends  to  deliquescence.  At  a 
little  above  212°  it  melts  into  a transparent  liquid,  boils  at  250°,  and,  on 
cooling,  concretes  into  a granular  mass,  which  is  more  deliquescent  than 
the  original  acid.  If  the  heat  he  continued,  it  becomes  yellow,  exhales  a 
peculiar  odour,  and  begins  to  be  decomposed.  Water  dissolves  1.5  its 
weight  of  tartaric  acid  at  60°,  and  twice  its  weight  at  212°.  The  con- 
centrated solution  has  the  consistence  of  syrup.  The  solubility  of  this  acid 
is,  however,  variously  stated,  and  it  is  not  easy,  under  common  circum- 
stances, to  dissolve  more  than  1 part  of  the  crystals  in  4 or  5 water,  hut 
when  a boiling  solution  is  cooled  to  60°,  it  retains  much  more.  It  is  also 
soluble  in  alcohol.  The  aqueous  solution  of  tartaric  acid  soon  becomes 
mouldy,  and  suffers  decomposition.  Boiled  in  nitric  acid,  tartaric  acid  is 
partly  converted  into  oxalic  acid;  and  sulphuric  acid  converts  it  into 
acetic.  It  becomes  converted  into  oxalic  acid  by  fusion  with  potassa. 

When  tartaric  acid  is  submitted  to  destructive  distillation,  it  affords 
a brown  acid  liquor,  containing  an  oily  matter,  acetic  acid,  pyroacetic 
spirit,  and  pyrotartaric  acid.  If  this  liquor,  after  having  been  passed 
through  a wet  filter  to  separate  the  oil,  be  saturated  with  carbonate  of 
potassa,  and  evaporated  to  dryness,  a saline  mass  is  obtained,  which,  after 
having  been  twice  or  thrice  redissolved  and  crystallized,  is  rendered  free 
from  foreign  matter.  If  this  salt  be  distilled  with  sulphuric  acid,  diluted 
with  its  weight  of  water,  an  acid  liquor  passes  over,  succeeded  by  a white 
sublimate  of  pure  pyrotartaric  acid.  Rose,  who  has  examined  the  pro- 
perties and  combinations  of  this  body,  considers  it  as  a distinct  acid ; the 
pyrotartrates  of  ammonia , potassa , soda , baryta , strontia , and  lime,  are 
very  soluble.  The  pyrotartaric  acid  occasions  precipitates  in  acetate  of 
lead,  and  in  nitrate  of  mercury,  and  is  thus,  according  to  Rose,  distin- 
guished from  tartaric  acid,  which  only  throws  down  the  former ; — but 
this  is  not  a correct  distinction. 

Tartaric  acid  is  distinguished  by  the  white  granular  precipitate  which 
it  produces  when  added  in  excess  to  solutions  containing  potassa.  It  pro- 
duces a white  precipitate,  soluble  in  excess  of  acid,  in  lime,  baryta,  and 
strontia-water,  and  in  acetate  of  lead.  It  is  used  in  calico-printing,  and 
is  much  employed  as  a cheap  substitute  for  citric  acid  in  lemonade  and 
effervescent  solutions : in  the  laboratory  it  is  used  as  a test  of  the  salts 
of  potassa,  and  to  prevent  the  precipitation  of  certain  oxides,  as  that  of 
antimony,  and  the  titanic  acid. 

Tartaric  acid,  as  it  exists  in  anhydrous  combination  with  bases,  may 
be  represented  by  the  equivalent  66,  (66  Thomson,  66  Gmelin,  66.48 
Turner,)  and  its  hypothetical  composition  in  reference  to  this  atomic 
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The  crystallized  acid  is  constituted  of 


Anhydrous  tartaric  acid  . 

. 1 

...  GG 

88 

Berzelius. 

88. 0G 

Water 

. 1 

9 ... 

12 

11.94 

1 

1 

1 

100 

100.00 

Tartrate  of  Ammonia 

(tCLTJ A)  forms 

very 

soluble  prismatic 

crystals,  of  a cooling  taste.  The  addition  of  tartaric  acid  to  its  aqueous 
solution,  produces  a precipitate  of  a difficultly- soluble  bitartrate  of 
ammonia.  When  a saturated  solution  of  tartaric  acid  is  added  to 
strong  liquid  ammonia  in  such  proportions  as  to  form  the  bitartrate,  the 
liquids  solidify  with  great  rise  of  temperature. 

Tartrate  of  Potass  a (tCLTr  - f-P)  is  formed  by  saturating  the  excess 
of  acid  in  tartar , by  potassa.  The  resulting  salt  is  soluble  in  less  than 
twice  its  weight  of  water,  (hence,  in  opposition  to  the  bitartrate,  termed 
soluble  tartar .)  It  crystallizes  in  four  and  six-sided  prisms  with  diedral 
summits,  but  its  primitive  form  is  a right  rhomboidal  prism.  (Brooke, 
Ann.  Phil .,  N.S. , vii.,  161.)  Its  taste  is  saline  and  bitter,  and  it  is  used 
in  medicine,  (formerly  under  the  name  of  Tartarus  tartarisatus ,)  as  an 
aperient.  It  is  slightly  deliquescent,  and  almost  insoluble  in  absolute 
alcohol.  Most  acids  occasion  a precipitate  of  bitartrate  of  potassa  when 
added  to  the  aqueous  solution  of  this  salt.  Tartrate  of  potassa  is  anhy- 
drous, and  consists  of 
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Bitartrate  of  Potassa  ; Supertartrate  of  Potassa  ; Tartar. 
(vtCLT1 P.)  This  substance  exists  in  considerable  abundance  in  the 
juice  of  the  grape,  and  is  deposited  in  wine  casks  in  the  form  of  a crys- 
tallized incrustation,  called  argol , or  crude  tartar.  It  is  purified  by 
solution  and  crystallization,  which  renders  it  perfecty  white : when  in 
fine  powder,  it  is  termed  cream  of  tartar.  The  purification  of  tartar  at 
Montpellier  is  performed  as  follows  It  is  first  dissolved  in  boiling  water, 
and  crystallized  ; these  crystals  are  then  boiled  with  one-twentieth  their 
weight  of  pipe-clay,  (and  the  same  quantity  of  animal  charcoal?)  which 
absorbs  the  colouring-matter,  and  falls  as  an  insoluble  sediment,  the 
crystals  of  pure  tartar  separating  afterwards  upon  the  surface  of  the 
liquor,  and  upon  the  sides  and  bottom  of  the  boiler ; the  term  cream  of 
tartar  wTas  originally  applied  to  the  imperfectly-crystallized  superficial 
crust.  The  details  of  this  process  are  described  by  M.  Fizes,  (Memoir es 
de  V Academie,  1725,)  and  it  is  still  carried  on  upon  the  same  plan.  The 
Venetian  process  for  the  purification  of  tartar  consists  in  the  separation 
of  the  grosser  impurities  by  one  or  two  preliminary  solutions  and  crystal- 
lizations, after  which,  white  of  egg  and  wood-ash  are  added  to  the  boiling 
solution  of  the  crystals,  and  the  impurities  skimmed  off  during  the  effer- 
vescence which  ensues.  (Desmaret,  Journ.  de  Phys .,  i.,  67-) 

Bitartrate  of  potassa  may  be  formed  artificially  by  adding  excess  of 
tartaric  acid  to  a solution  of  potassa.  The  mixture  presently  deposits 
crystalline  grains,  and  furnishes  a striking  example  of  the  diminution  of 
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solubility  by  increase  of  acid  in  the  salt.  Upon  this  circumstance,  the 
use  of  tartaric  acid  as  a test  for  potassa  depends,  for  soda  forms  an  easily- 
soluble  supertartrate,  and  consequently  affords  no  precipitate. 

Its  crystals,  which  are  irregular  six-sided  prisms,  terminated  by 
hexaedral  summits,  or  triangular  prisms  with  cliedral  summits,  have  been 
described  by  Dr.  Wollaston,  (Thomson’s  Annals , x.,  37,)  and  by  Mr.  Brooke, 
(Ann.  of  Phil.,  N.  S.,  vii.,  161.)  They  include  one  proportional  of 
water,  which  is  not  separable  at  a heat  much  below  that  at  which  the 
acid  of  the  salt  begins  to  be  decomposed.  They  are  hard,  and  taste 
gritty  and  subacid. 

The  specific  gravity  of  this  salt  is  1.95.  It  requires  95  parts  of  water 
at  60°,  and  15  parts  at  212u  for  its  solution.  It  is  rendered  much  more 
soluble  by  the  addition  of  boracic  acid  or  of  borax,  as  was  first  observed 
by  Le  Fevrc.  (Mem.  Paris , 1732.)  Two  parts  of  borax,  and  five  of 
crystals  of  tartar  in  powder,  are  soluble  in  about  six  times  their  weight 
of  boiling  water;  on  evaporating  the  solution  to  the  consistency  of  honey, 
the  residue  concretes  into  Le  Femes  soluble  cream  of  tartar , or  sal-gum - 
mosum.  It  is  the  tartarus  boraxatus  of  some  old  writers.  When 
exposed  to  heat,  tartar  fuses,  blackens,  and  is  decomposed,  and  carbonate 
of  potassa  is  the  remaining  result.  Provided  the  tartar  be  free  from 
lime,  which  however  is  seldom  the  case,  this  furnishes  a good  process  for 
obtaining  pure  carbonate  of  potassa.  By  destructive  distillation,  Four- 
croy  and  Vauquelin  obtained  the  following  residuary  substances  from 
1000  grains  of  crystals  of  tartar.  (Ann.  de  Chim .,  Ixiv.,  43.) 

Carbonate  of  potassa  . . 350  Alumina 0.25 

Carbonate  of  lime  ...  6 Iron  and  manganese  . . 0.75 

Silica  ........  1 .2 

The  aqueous  solution  of  tartar  becomes  mouldy  when  exposed  to  air, 
and  the  tartaric  acid  being  entirely  decomposed  leaves  a weak  solution  of 
carbonate  of  potassa.  Tartar  sometimes  acts  as  a simple  acid,  and 
dissolves  oxides  insoluble  in  most  other  acids  ; hence  Gay  Lussac  has 
suggested  its  use  in  certain  analyses.  (Ann.  de  Chim.  et  Phys .,  iii.,  281.) 
By  the  action  of  excess  of  caustic  potassa,  at  high  temperatures,  tartar 
is  converted  into  oxalate  of  potassa.  The  component  parts  of  tartar 
render  it  an  excellent  flux  in  the  reduction  of  metallic  ores  upon  a small 
scale,  its  alkali  promoting  their  fusion,  and  the  carbonaceous  matter 
tending  to  reduce  the  oxides.  Tartar  is  sometimes  adulterated  by  the 
addition  of  pounded  quartz,  and  by  calcareous  spar ; the  former  may  be 
detected  as  an  insoluble  residue  by  boiling  the  powdered  tartar  with  half 
its  weight  of  carbonate  of  potassa  or  of  borax  in  8 parts  of  water  ; the 
latter  produces  effervescence  with  dilute  muriatic  acid.  A small ‘portion 
of  tartrate  of  lime  is  almost  always  present  in  the  purified  tartar;  it 
separates  in  tufts  of  acicular  crystals  from  the  hot  solution  of  the  tartar. 

Tartrate  of  Potassa  and  Ammonia  is  formed  by  saturating  the 
excess  of  acid  in  tartar  with  ammonia.  It  forms  transparent  four  and 
six-sided  prisms,  very  soluble  in  water,  and  which  effloresce  and  lose 
ammonia  by  exposure  to  air. 

Tartrate  of  Soda  (tCLTf  + S)  forms  acicular  crystals,  soluble  in  about 
their  own  weight  of  water,  and  insoluble  in  absolute  alcohol.  They 
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contain,  according  to  Bucholz,  16  per  cent.  (2  equivalents)  of  water. 
When  their  aqueous  solution  is  mixed  with  half  their  weight  of  tartaric 
acid,  it  yields  small  prismatic  crystals  of  bitartrate  of  soda , of  an  acid 
taste,  soluble  in  8 parts  of  cold  and  1 .8  of  boiling  water,  and  containing 
about  15  per  cent.  (3  equivalents,)  of  water  of  crystallization.  (Gehlen’s 
Journ .,  v.,  520.)  Tartrate  of  soda  is  often  formed  extemporaneously  by 
dissolving  equal  parts  of  powdered  tartaric  acid  and  of  bicarbonate  of 
soda,  in  separate  portions  of  water,  and  then  mixing  the  solutions  ; if 
taken  during  the  effervescence,  it  forms  a refreshing  saline  and  slightly 
aperient  draught. 

Tartrate  of  Potassa  and  Soda  (2  tCLT^  + P + S)  is  prepared  by 
saturating  the  excess  of  acid  in  tartar,  with  carbonate  of  soda ; it  is  the 
soda  tartarizata  of  the  Pharmacopoeia  ; it  forms  prismatic  crystals,  the 
forms  of  which  have  been  described  by  Mr.  Brooke.  ( Ann  of  Phil.  N.  S., 
v.,  451.)  It  has  long  been  used  in  pharmacy  under  the  name  of  Rochelle 
Salt  and  Sel  de  Seignette.  The  crystals  are  soluble  in  about  5 parts  of 
cold  water,  and  consist  of 
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Tartrate  of  Litiiia  is  easily  soluble;  when  its  solution  is  evaporated 
it  affords  a white  uncrystallized  mass,  opaque  and  not  deliquescent. 
Excess  of  tartaric  acid  does  not  give  a crystallizable  bitartrate.  Tartrate 
of  Potassa  and  Lithia , formed  by  saturating  tartar  with  carbonate  of  lithia, 
affords  quadrangular  prismatic  crystals,  easily  soluble,  and  very  slightly 
efflorescent.  Tartrate  of  Soda  and  Lithia  forms  rectangular  four-sided 
prisms,  easily  soluble,  slightly  efflorescent,  and  of  a pure  saline  flavour. 
(C.  Gmelin.) 

Tartrate  of  Lime  is  nearly  insoluble  in  cold  water,  but  soluble  in 
600  parts  of  boiling  water ; it  is  produced  by  adding  chalk  to  tartar,  as 
in  the  process  for  obtaining  tartaric  acid,  where  it  is  decomposed  by 
sulphuric  acid.  It  dissolves  sparingly  in  excess  of  tartaric  acid,  and  may 
be  obtained  from  such  solution  in  small  silky  crystals.  It  is  often  con- 
tained in  rough  and  purified  tartar,  and  forms  tufts  of  acicular  crystals 
when  tartar  is  saturated  by  bases.  Dilute  muriatic  acid  dissolves  and 
decomposes  it : if  this  solution  is  saturated  by  ammonia,  the  tartrate  of 
lime  is  reproduced,  and  crystallizes  after  some  hours  in  acute  octoedra. 
Solution  of  potassa  dissolves  tartrate  of  lime,  and  when  concentrated  by 
evaporation  becomes  gelatinous,  but  liquefies  on  cooling.  (Dumas.)  Tar- 
trate of  lime,  after  desiccation  at  212°  consists  of 
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Tartrate  of  Pot  ass  a and  Lime  may  be  formed  by  adding  lime-water 
to  solution  of  supertartrate  of  potassa,  till  it  begins  to  become  turbid : in  a 
few  days  acicular  crystals  of  the  triple  salt  are  deposited,  which  effloresce 
when  exposed  to  air  ? 

Tartrate  of  Baryta  ( tdT 1 + B)  is  a difficultly-soluble  salt.  When 
carefully  dried  it  is  anhydrous : it  is  distinguished  from  sulphate  of 
baryta  by  its  solubility  in  muriatic,  nitric,  and  acetic  acids,  and  by  its 
destructibility  by  heat. 

Bitartrate  of  Baryta  forms  transparent  crystals,  consisting  of  two 
proportionals  of  tartaric  acid  (66  x 2)  — 132,  one  of  baryta  — 77,  and 
two  of  water  (9x2)  = 18.  (Thomson.) 

Tartrate  of  Strontia  is  thrown  down,  after  some  hours,  on  mixing 
the  solutions  of  tartrate  of  potassa  and  nitrate  of  strontia.  It  dissolves 
in  rather  more  than  300  parts  of  boiling  water,  and  forms  small  rhom- 
boidal  crystals  as  the  solution  cools.  (Vauquelin.)  It  consists  of  1 atom 
of  tartaric  acid,  1 of  strontia,  and  3 of  water.  (Thomson.) 

Tartrate  of  Magnesia  is  precipitated  .from  the  sulphate  by  tartaric 
acid : it  is  soluble  in  excess  of  tartaric  acid,  and  forms  a crystallizable 
salt.  When  dried  at  60°,  it  consists  of  one  proportional  of  anhydrous 
tartrate,  and  two  of  water.  There  is  also  a bitartrate  of  magnesia . 
(Thomson.) 

Tartrate  of  Manganese,  formed  by  dissolving  protoxide  of  manga- 
nese in  tartaric  acid,  is  a soluble  salt,  and  therefore  not  immediately 
precipitated  by  adding  tartaric  acid,  or  a neutral  tartrate,  to  protochloride 
or  protosulphate  of  manganese.  When  hot  solutions  of  protochloride  of 
manganese  and  tartrate  of  potassa  are  mixed,  small  crystals  are  deposited 
on  cooling,  which  are  resolved  by  boiling  water  into  a soluble  super- 
tartrate and  an  insoluble  basic  salt.  (Pfaffl)  The  crystals  consist  of 
(tCLV*  + Man  4-  2^.)  Thomson.  When  the  protosalts  of  manganese  are 
mixed  with  tartar  the  oxide  is  not  thrown  down  by  pure  or  carbonated 
alkalis.  (H.  Rose.)  When  tartaric  acid  and  peroxide  of  manganese  are 
boiled  together  in  water,  carbonic  acid  is  evolved,  and  a colourless  solution 
of  prototartrate  of  manganese  is  obtained.  Formic  acid  is  also  produced 
during  the  action  of  the  acid  and  oxide.  ( Quarterly  Journal , xiv.,  232.) 

Tartrates  of  Iron.  Tartaric  acid  acts  upon  soft  iron  with  the 
disengagement  of  hydrogen  gas,  and  a difficultly-soluble  prototartrate  of 
iron,  nearly  white,  and  pulverulent,  is  formed.  At  a dull  red-heat,  this 
tartrate  readily  takes  fire,  and  burns  slowly  away  like  tinder,  the  iron 
becoming  peroxidized.  It  will  probably  form  a valuable  addition  to  the 
Materia  Medica.  (Ure,  Quarterly  Journal , Oct .,  Dec.,  1829.)  When 
hot  and  strong  solutions  of  tartaric  acid  and  protosulphate  of  iron  are 
mixed,  white  foliated  crystals  of  prototartrate  of  iron  are  deposited 
on  cooling:  this  salt  requires  400  parts  of  cold  water  for  solution. 
(Dumas.)  It  has  a slightly  inky  taste,  and  consists  of  ( tdT ' -j-  Fe  + 2 q .) 
(Thomson.) 

Tartaric  acid  has  scarcely  any  action  upon  the  red  oxide  of  iron,  but 
a pertartrate  of  iron  may  be  obtained  by  mixing  the  liquid  red  sulphate 
of  iron  with  tartrate  of  potassa,  in  equivalent  proportions.  Sulphate  of 
potassa  precipitates  in  a crystalline  powder,  (the  solutions  being  suffici- 
ently concentrated,)  which  may  be  separated  from  the  blood-red  liquid 
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pertartrate  of  iron  by  filtration.  Alcohol  forms  a treacly  precipitate  in 
this  solution. 

Tartrate  op  Iron  and  Potassa.  When  i part  of  iron-filings  and  4 
of  tartar  are  digested  together  with  water,  a greenish,  astringent,  and 
difficultly-soluble  salt  is  formed:  it  is  not  decomposed  by  pure  or  car- 
bonated alkalis,  but  by  sulphuretted  hydrogen.  (Thenard.)  By  long- 
exposure  of  the  mixture  of  tartar  and  iron  to  air,  or  by  mixing  1 part  of 
soft  iron-filings  with  4 of  tartar  into  a thin  paste  with  water,  and  digesting 
for  some  weeks,  till  the  acid  is  neutralized,  fresh  portions  of  water  being 
occasionally  added  to  prevent  exsiccation,  a dark-brown  uncrystallizable 
compound  is  obtained,  the  solution  of  which  has  been  used  in  medicine. 
It  is  not  decomposed  by  the  alkalis.  The  pertartrate  of  iron  and  potassa 
is  best  obtained  by  digesting  recently-precipitated  hydrated  peroxide  of 
iron  with  bitartrate  of  jiotassa  and  water.  It  dissolves  in  alcohol. 

Tartrate  of  Zinc  is  formed  by  adding  tartrate  of  potassa  to  sulphate 
of  zinc,  and  is  a very  difficultly  soluble  compound.  When  oxide  of  zinc 
is  dissolved  with  tartar  the  solution  is  not  affected  by  the  alkalis,  but  their 
sulphurets  throw  down  the  whole  of  the  zinc. 

Tartrate  of  Tin.  Tartrate  of  potassa  occasions  a white  precipitate 
in  the  neutral  protomuriate  and  permuriate  of  tin.  Tartrate  of  potassa 
and  tin , formed  by  boiling  the  oxide  in  solution  of  tartar,  is  very  soluble; 
the  addition  of  alkalis  and  their  carbonates  occasions  no  precipitates. 
(Thenard,  Ann.  de  Chim .,  xxxviii.) 

Tartrate  of  Copper  is  produced  by  adding  tartaric  acid  to  sulphate 
of  copper.  It  forms  a blueish-green  crystallized  precipitate.  When  tar- 
taric acid  is  added  to  a solution  of  the  neutral  tartrate,  a more  difficultly 
soluble  bitartrate  falls. 

Tartrate  of  Potassa  and  Copper  is  formed  by  boiling  hydrated 
oxide  of  copper  and  tartar  in  water;  the  solution  yields  blue  crystals  on 
evaporation;  or  if  boiled  to  dryness,  furnishes  one  of  the  pigments  called 
Brunswick-green . 

Tartrate  of  Lead  is  thrown  down  in  the  form  of  an  almost  insoluble 
white  crystalline  powder,  on  adding  tartaric  acid  to  solution  of  nitrate  or 
acetate  of  lead:  it  is  soluble  in  excess  of  carbonic  acid.  When  this  tar- 
trate is  heated  to  a dull-red  in  a glass  tube,  it  acquires  a brown  colour; 
and,  when  cool,  forms,  as  was  first  remarked  by  Dr.  Gobel,  a very  perfect 
pyrophorus , which  immediately  inflames  on  being  shaken  out  into  the 
air.  This  property  appears  to  depend  upon  the  rapid  oxidizement  of  the 
minutely-divided  metallic  lead ; or,  perhaps,  a very  oxidizable  carburet  of 
lead  may  be  formed.  Tartrate  of  lead  is  composed  of 

Berzelius.  Thomson.  Bucholz. 

Oxide  of  lead  ...  1 . 112  . 62.92  . C2.5  . 62.56  . 63 

Tartaric  acid  . . . 1 . 66  . 37.08  . 37-5  . 37.44  . 37 

1 178  100.00  100.0  100.00  100. 

Tartrate  of  Potassa  and  Lead  is  formed,  according  to  Thenard,  by 
boiling  a mixture  of  tartar  and  oxide  of  lead  in  water.  (Ann.  de.  Chim ., 
xxxviii.)  It  is  an  insoluble  white  powder,  not  decomposed  by  the  alkalis 
or  sulphuric  acid. 

TartRxVTE  of  Antimony.  Protoxide  of  antimony  dissolved  in  tar- 
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taric  acid  yields  a very  soluble,  deliquescent,  and  difficultly-crystalli  Zable 
salt. 

Tartrate  of  Antimony  and  Potassa;  Emetic  Tartar.  This  com- 
pound may  be  obtained  by  boiling  protoxide  of  antimony,  obtained  by 
any  of  the  processes  formerly  described,  with  pure  supertartrate  of  potassa. 
Emetic  tartar  is  usually  prepared  by  boiling  a solution  of  100  parts  of 
tartar  with  100  parts  of  finely  levigated  glass  of  antimony  (or  other  prot- 
oxide); the  ebullition  should  be  continued  for  half  an  hour,  and  the 
filtered  liquor  evaporated  to  about  half  its  bulk,  and  set  aside  to  crystal- 
lize; octoedral  crystals  (Brooke,  Ann.  of  Phil .,  N.  A.,  vi.,  40)  of  the 
emetic  salt  are  thus  obtained;  and  there  is  generally  formed  along  with 
them  a portion  of  tartrate  of  lime  and  potassa,  which  is  deposited  in  small 
radiated  tufts,  easily  separated  when  the  mass  is  dried. 

Emetic  tartar  is  a white  salt,  slightly  efflorescent,  soluble  in  about  14 
parts  of  cold,  and  2 parts  of  boiling  water.  Its  solution  is  rendered  turbid 
by  muriatic,  nitric,  and  sulphuric  acids,  but  not  by  the  fixed  alkalis : the 
fixed  alkaline  carbonates  and  lime-water  decompose  it.  Infusion  of  galls 
and  many  other  vegetable  bitter  and  astringent  infusions  form  a precipi- 
tate in  solution  of  emetic  tartar,  which  is  generally  said  to  be  inactive, 
and  hence  decoction  of  bark  has  been  recommended  as  an  antidote  to  its 
effects.  Solution  of  sulphuretted  hydrogen  only  precipitates  very  strong 
solutions  of  emetic  tartar;  weaker  solutions  are  merely  reddened  by  it. 
It  is  decomposed  by  hydrosulphuret  of  ammonia:  among  the  metals,  iron 
only  throws  down  the  whole  of  its  antimony.  At  212°  the  crystals  lose 
about  2 per  cent,  of  water;  at  a higher  temperature  about  7 or  8 per  cent. 
Heated  to  redness,  out  of  the  contact  of  air,  it  furnishes  a highly-pyrophoric 
residue.  This  salt  (crystallized)  consists  of 


Protoxide  of  antimony  , 

2 

. 154 

. 42.6 

Wallquist. 

. 42.99  . 

R.  Phillips. 

43.35 

Potassa 

1 

48 

. 13.3 

. 13.26 1 

49.25 

Tartaric  acid  .... 

2 

. 132 

. 36.6 

. 38.61/ 

Water  . . . . 7 . . 

3 

. 27 

. 7-5 

. 5.14  . 

7.40 

1 

361 

100.0 

100.00 

100.00 

Tartrate  of  Bismuth  has  not  been  examined,  but  moist  oxide  of 
bismuth,  boiled  with  tartar,  forms  a difficultly-soluble  triple  salt. 

Tartrate  of  Cobalt.  Tartrate  of  potassa  forms  no  precipitate  in 
solutions  of  cobalt,  but  their  colour  is  much  heightened  by  it.  Moist  oxide 
of  cobalt  is  soluble  in  tartaric  acid,  and  the  solution  furnishes  red  crystals 
on  evaporation. 

Tartrate  of  Uranium  is  a very  soluble  salt,  not  easily  crystallizable. 

Tartrate  of  Titanium  appears  to  be  a soluble  compound. 

Tartrate  of  Cerium,  according  to  Hisinger  and  Berzelius,  is  formed 
by  adding  tartrate  of  potassa  to  sulphate,  nitrate,  or  muriate  of  cerium. 
It  is  a soft,  tasteless  powder,  soluble  in  nitric,  muriatic,  and  sulphuric 
acids,  and  in  the  alkalis. 

Tartrate  of  Nickel,  formed  by  digesting  moist  oxide  of  nickel  in 
tartaric  acid,  is  a very  soluble  salt;  tartaric  acid  occasions  no  precipitate 
in  the  soluble  salts  of  nickel. 

Tartrate  of  Mercury.  Tartaric  acid  occasions  white  precipitates 
in  all  the  solutions  of  the  oxides  of  mercury,  not  containing  excess 
of  acid. 
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Tartrate  of  Potassa  and  Mercury  is  formed,  according  to  The- 
nard,  by  adding  solution  of  tartar  to  protonitrate  of  mercury;  and  an 
analogous  salt  of  the  peroxide  may  be  obtained  by  boiling  it  in  a solution 
of  tartar. 

Tartrate  of  Silver.  Tartaric  acid  occasions  no  change  in  nitrate  of 
silver,  but  tartrate  of  potassa  forms  a white  precipitate,  which  is  probably 
a tartrate  of  silver. 

Tartrate  of  Silver  and  Potassa  is  thrown  down  by  adding  tartar 
to  nitrate  of  silver. 

Tartrate  of  Silver  and  Antimony.  The  precipitate  which  falls  on 
adding  nitrate  of  silver  to  a solution  of  emetic  tartar,  consists  of 


Oxide  of  Silver 

1 

• • 

118 

. . 28.0 

Wallquist. 

27-31 

Protoxide  of  antimony  . 

2 

• • 

154 

. . 36.5 

36.94 

Tartaric  acid 

2 

• • 

132 

31.3 

31.50 

Water  .... 

2 

V a 

18 

4.2 

4.25 

1 

422 

100.0 

100.00 

Tartrate  of  Alumina  is  a soluble  uncrystallizable  compound  of  an 
astringent  flavour:  it  is  not  deliquescent.  It  exists  in  the  Lycopodium 
complanatum , an  infusion  of  which  may  be  used  as  a mordant. 


II.  Oxalic  Acid.  This  acid,  which  was  discovered  by  Scheele,  is 
found  in  some  fruits,  and  in  considerable  quantity  in  the  juice  of  the 
Oxalis  acetosella  or  wood-sorrel , in  the  Rumex  ciceiosa  or  common 
sorrel , and  in  the  varieties  of  rhubarb.  It  is  most  readily  procured  by 
the  action  of  nitric  acid  on  certain  organic  substances,  and  especially  upon 
sugar,  and  has  hence  been  termed  acid  of  sugar.  It  may  be  obtained  by 
introducing  into  a retort,  4 ounces  of  nitric  acid  diluted  with  2 of  water, 
and  1 ounce  of  white  sugar;  nitric  oxide  gas  is  copiously  evolved,  and 
when  the  sugar  is  dissolved,  about  one-tliird  of  the  acid  may  be  distilled 
over:  the  contents  of  the  retort  are  then  emptied  into  a shallow  vessel, 
and  in  the  course  of  two  or  three  days  an  abundant  crop  of  white  crystals 
is  deposited,  and,  upon  further  evaporation  of  the  mother-liquor,  a second 
portion  is  obtained.  The  whole  crystalline  produce  is  to  be  redissolved 
in  water,  and  again  crystallized,  by  which  the  pure  acid  is  obtained.  In 
this  way  sugar  yields  rather  more  than  half  its  weight  of  oxalic  acid. 

Oxalic  acid  thus  procured  is  in  the  form  of  four-sided  prisms, 
transparent,  and  of  a very  acid  taste ; their  primary  form  is  a right 
rhombic  prism,  the  modifications  of  which  have  been  described  by 
Mr.  Brooke.  ( Ann . of  Phil.,  N.  vi.  119.)  The  crystals  dissolve  in 
about  15  parts  of  water  at  50°,  and  in  9 parts  at  60°,  their  solubility 
increasing  rapidly  with  the  increase  of  temperature;  at  212°,  they  fuse  in 
their  water  of  crystallization.  The  great  solubility  attributed  to  this  acid 
by  Bergman,  seems  to  have  depended  upon  the  presence  of  nitric  acid. 
It  is  less  soluble  in  alcohol  than  in  water.  In  a very  dry  air  the  crystals 
effloresce;  at  a temperature  of  100°,  they  gradually  fall  into  a white 
powder,  and  when  thus  slowly  dried  lose  about  a third  of  their  weight. 
As  this  acid  is  volatile,  its  desiccation  requires  much  caution:  the 
crystals  after  having  been  deprived  of  2 equivalents  of  water,  sublime 
rapidly  when  heated  to  about  330° ; the  sublimate  forms  transparent 
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acicular  crystals,  containing  1 atom  of  water;  they  absorb  moisture,  and 
become  opaque  by  exposure  to  air.  When  the  ordinary  crystals  are 
rapidly  heated  in  a retort  to  about  300°,  water,  carbonic  acid,  carbonic 
oxide,  and  formic  acid  are  the  results.  Passed  through  a red-hot  tube, 
carbonic  oxide  and  acid,  and  carburetted  hydrogen  are  evolved,  and  a little 
charcoal,  with  a trace  of  oily  matter  is  deposited.  Muriatic  acid  dissolves 
oxalic  acid  without  decomposition.  Mixed  with  about  20  parts  of  sulphuric 
acid,  and  gently  heated,  it  is  rapidly  resolved  into  equal  volumes  of  carbonic 
acid  and  carbonic  oxide,  which  gases  are  evolved,  whilst  the  water  of  the 
crystals  remains  combined  with  the  sulphuric  acid.  Oxalic  acid  absorbs 
chlorine,  and  the  resulting  compound  is  resolved  by  the  action  of  water 
into  muriatic  and  carbonic  acids.  ( Ann . de  Chim.  et  Phys .,  xix.  84.) 
The  intensity  of  the  acidity  of  oxalic  acid  is  such,  that  one  part  in 
200.000  of  water  reddens  litmus.  It  abstracts  lime  from  sulphuric  acid 
when  added  to  a solution  of  sulphate  of  lime,  but  oxalate  of  lead  is 
decomposed  by  sulphuric  acid,  so  that  its  affinity  for  bases  appears  to  be 
about  equal  to  that  of  sulphuric  acid.  It  is  extremely  poisonous,  and 
many  accidents  have  occurred  from  its  resemblance  in  external  appearance 
to  Epsom  salt  (sulphate  of  magnesia)  and  from  the  carelessness  with  which 
medicines  are  often  dispensed  and  taken.  The  intense  sourness  of  oxalic 
acid,  and  the  saline  bitterness  of  the  sulphate,  readily  distinguish  them ; 
chalk  or  whiting,  or  magnesia  or  carbonate  of  magnesia,  or  large  draughts 
of  soap  and  water,  are  the  most  ready  antidotes. 

The  composition  of  oxalic  acid,  is  a subject  which  has  engaged  much 
attention,  since  Dobereiner  first  suggested  the  non-existence  of  hydrogen 
as  one  of  its  ultimate  elements,  and  showed  that  in  its  anhydrous  state, 
as  it  exists  in  combination  with  certain  bases,  as  for  instance,  with  oxide 
of  lead,  it  might  be  regarded  as  a binary  compound  of  carbon  and  oxygen. 
Its  equivalent,  founded  upon  this  view,  is  36,  and  it  consists  of  ( 2 COLT 
4-3O)  or, 


Carbon  2 . . 12  . . 33.33 

Oxygen  3 . . 24  . . 66.66 

Carbonic  oxide 

OT 

Carbonic  acid 

1 . . 14 

1 . . 22 

. . 38.8 

. . 61.2 

1 36  100.00 

1 36 

100.0 

The  ordinary  crystals  contain 

Anhydrous  oxalic  acid  1 
Water  ......  3 . 

. 36  . . 57.14  . 

. 27  . . 42.86  . 

Berzelius. 

. 58  . . 

. 42  . . 

Prout. 

57.15 

42.85 

1 

63  100.00 

100 

100.00 

And  the  crystals,  dried  as  far  as  possible  without  decomposition,  by  which 
they  lose  about  28  per  cent,  of  water,  leave  a compound  of 

Berzelius. 

Anhydrous  oxalic  acid  .1  . . 36  . . 80  . . 80.5 

Water  ......  1 . . 9 . . 20  . . 19.5 

1 

45 

100 

100.0 

Those  who  consider  an  atom  of  water  as  an  essential  component  of  the 
dry  oxalic  acid,  represent  it  by  the  equivalent  45,  and  regard  the  acid  as  a 
compound  of 

Carbon 2 . . 12  . . 2G.66 

Oxygen 4 . . 32  . . 71.10 

Hydrogen 1 . . 1 . . 2.24 


1 


45 


100.00 
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Oxalate  op  Ammonia.  This  curious  salt  is  generally  obtained  by 
saturating  a solution  of  oxalic  acid  by  ammonia,  and  crystallizing.  It 
forms  prismatic  crystals,  (Brooke,  Ann.  of  Phil.,  N.  S.  vi.,  374,)  of  which 
45  parts  require  1000  of  cold  water,  for  their  solution.  They  are  much 
more  soluble  in  hot  water.  Added  to  any  soluble  compound  of  lime,  this 
salt  produces  an  insoluble  oxalate  of  lime , provided  no  excess  of  acid  he 
present ; hence  its  use  as  a test  of  the  presence  of  lime  in  water.  The 
crystals  are  insoluble  in  alcohol.  They  contain  two  equivalents  of  water, 
one  of  which  may  he  expelled  by  heat,  when  they  crumble  into  a white 
powder,  composed  of 

Berzelius.  Berard.  Thomson. 


Ammonia  . 1 . . 17  . . 27-42 

Oxalic  acid  . 1 . . 36  . . 58.07 

Water  . . 1 . . 9 . . 14.51 


1 G2  100.00 


26.88 
59.37 1 
13.75/ 

. . 27.66 

. . 72.34 

. . 25.55 

. . 74.45 

100.00 

100.00 

100.00 

Binoxalate  of  Ammonia,  (2  Ood-{-  A,)  is  less  soluble  than  the  oxalate ; 
it  consists  of  two  proportionals  of  acid,  one  of  ammonia,  and  two  of  water 
(Berard),  eight  of  water.  (Dumas.) 


Oxamide.  Oxalamide.  When  oxalate  of  ammonia  is  distilled,  it  be- 
comes opaque  from  loss  of  water,  fuses,  boils,  decomposes  and  volatilizes, 
leaving  a little  carbon  behind ; the  liquid  which  passes  over  contains  a 
flocculent  substance,  which  also  lines  the  neck  of  the  retort,  and  to  which 
M.  Dumas  has  given  the  name  of  oxalamide ; it  may  he  separated  by 
washing  and  filtration,  100  parts  of  the  oxalate  yielding  about  5.  The 
other  products  are  ammonia,  water,  carbonic  acid,  carbonic  oxide,  and 
cyanogen.  Oxamide  is  in  imperfect  crystallized  plates,  or  a granulated 
powder,  without  taste  or  smell,  and  having  no  action  on  test-papers.  It 
is  volatile  when  carefully  heated,  hut  generally  sublimes  with  more  or 
less  decomposition,  yielding  cyanogen  and  carbon  : it  is  scarcely  soluble  in 
water  at  60°,  and  a saturated  solution  at  212°  deposits  it  in  crystalline 
flocculi.  It  is  insoluble  in  alcohol.  It  is  composed  of 


Dumas. 

Carbon 2 . . 12  . . 27-4 

Oxygen 2 . . 16  . . 36.3 

Hydrogen 2 . . 2 . . 4.5 

Nitrogen 1 . . 14  . . 31.8 


1 44  100.0 

Consequently  oxamide  differs  from  oxalate  of  ammonia  in  containing 
less  water,  by  two  atoms ; for  44  oxamide  + 18  water  = 62  oxalate  of 
ammonia ; and  oxamide  may,  under  certain  circumstances,  resume  this  ele- 
mentary water,  as  by  the  action  of  acids  or  hydrated  alkalis  aided  by  heat. 
Boiled  for  instance  with  potassa,  or  soda,  oxamide  evolves  ammonia,  and 
the  carbon  and  oxygen  remain  in  the  state  of  oxalic  acid : the  dilute  sul- 
phuric, nitric,  and  muriatic  acids  convert  oxamide  into  oxalic  acid,  and 
become  ammoniacal  salts.  Boiled  with  concentrated  sulphuric  acid, 
oxamide  affords  sulphate  of  ammonia,  and  equal  volumes  of  carbonic  acid 
and  carbonic  oxide  are  disengaged : concentrated  nitric  acid  converts 
oxamide  into  nitrate  of  ammonia  and  carbonic  acid.  In  these  cases, 
oxamide,  by  decomposing  an  atom  of  water,  furnishes  oxalic  acid  and 
ammonia,  or 
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0 | Oxygen  ! |}  + 1 Oxygen  { Oxalic  acid  | QxaIate  of 

xamic  e < j-jy^rogen  . 2 1 , . „ , f . . ( Ammonia. 

[Nitrogen  . 1 }+  1 Hydrogen  (Ammonia  J 

The  elements  of  oxamide,  as  will  be  seen  by  the  above  diagrams,  are 
such  as  to  represent  2 atoms  of  carbonic  oxide  + a compound  of  2 atoms 
of  hydrogen  and  1 of  nitrogen ; now  it  has  been  ingeniously  suggested  by 
Dumas  that  an  analogy  subsists  between  this  bihydruret  of  nitrogen,  and  the 
bicarburet  of  nitrogen  or  cyanogen,  and  that  both  resemble  the  haloid  bases ; 
that  is,  considering  71  + 2 A,  which  we  may  call  cnmnogen , as  a compound 
analogous  to  cyanogen,  oxamide  would  be  a compound  analogous  to  the 
cyanurets  and  chlorides.  We  shall  afterwards  have  occasion  to  revert  to 
this  analogy,  in  the  mean  time,  it  may  be  observed  that  the  elements  of 
oxamide  are  such  as  to  admit  of  other  hypothetical  distributions ; that  they 
are  for  instance  equivalent  to  nitrous  oxide  and  olefiant  gas  (71+2  0)  + 

( 2 A + 2 CCCT)  or  to  cyanogen  and  water,  (71  + 2 COLT')  + 2 ,(A  + 0). 
Compounds  of  the  base  71  + 2 A with  other  acids  are  also  distinguished 
by  the  termination  amide , as  benzamide , succinamide , &c. 

Oxalate  of  Potassa  ( Ox l + P)  forms  flat  rhomboidal  crystals,  soluble 
in  rather  less  than  3 parts  of  water  at  60° : the  crystals  include  one  pro- 
portional of  wrater.  The  greater  number  of  vegetable  substances,  such  as 
cotton,  "wood,  sugar,  starch,  gum,  and  most  of  the  acids,  and  some  animal 
substances,  are  converted  into  oxalic  acid  when  fused  with  from  four  to 
six  times  their  weight  of  caustic  potassa,  at  a temperature  belowT  that 
which  occasions  charring:  in  this  way  oxalate  of  potassa  is  produced,  and 
is  converted,  at  a higher  temperature,  into  carbonate  of  potassa. 

Binoxalate  of  Potassa.  ( 2 OX1  + P.)  Oxalate  of  potassa,  dissolved  in 
oxalic  acid,  produces  the  binoxalate , which  crystallizes  in  small  rhombic 
crystals  of  a bitterish  and  sour  taste,  soluble  in  about  10  parts  of  cold  water. 
This  salt,  together  with  the  quadroxalate,  exists  ready  formed  in  the  juice  of 
the  Oxalis  acetosella , and  is  known  under  the  name  of  salt  of  wood-sorrel . 

Quadroxalate  of  Potassa,  (4  OX^  + P).  When  binoxalate  of 
potassa  is  digested  in  nitric  or  muriatic  acid,  half  the  potassa  is  ab- 
stracted and  a quadroxalate  remains.  The  crystals  of  this  salt  include 
seven  proportionals  of  water : or,  according  to  Berard,  only  three.  The 
composition  of  these  several  oxalates  of  potassa  was  originally  pointed  out 
by  Wollaston,  and  deserves  to  be  recorded  as  the  first  well-authenticated 
illustration  of  the  theory  of  multiple  proportionals.  (Phil.  Trans.,  1808.) 

Ammonio  Oxalate  of  Potassa.  When  the  binoxalate  of  potassa 
is  neutralized  by  an  atom  of  ammonia,  a double  salt,  which  forms  long, 
permanent,  acicular  crystals,  is  obtained. 


Oxalate  of  Soda  is  sparingly  soluble  in  water,  and  separates  from  its 
solution  in  small  crystalline  grains,  composed  of 


Berard. 

Thomson. 

Soda  . . 1 

• • 

32 

• • 

41.6 

41.08 

. . 36.37 

Oxalic  acid  1 

• • 

36 

• * 

46.8} 

58.92 

. . 63.63 

Water  . 1 

9 

• * 

11.6’ 

1 77  100  100.00 
There  is  a binoxalate , but  apparently  no  quadroxalate  of  soda. 
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Oxalate  of  Lithia  is  difficultly  crystallizable  and  very  soluble.  The 
binoxalate  forms  small  transparent  granular  crystals,  not  so  soluble  as  the 
neutral  salt. 

Oxalate  of  Lime.  {OX  '-f  C.)  This  compound  exists  in  many  plants, 
and  the  little  transparent  bodies  called  r aphides,  found  in  the  cellular  tissue, 
and  floating  occasionally  in  their  juices,  as  in  the  sap  of  very  old  trees, 
and  in  the  juice  of  the  common  hyacinth,  are  composed,  according  to  Ras- 
pail,  of  this  salt.  Oxalate  of  lime  also  exists  occasionally  in  the  human 
urine,  and  forms  calculi  of  the  kidney  and  bladder,  which,  from  their 
rough  or  nodular  exterior  and  brown  colour,  are  generally  called  Mul- 
berry calculi.  It  may  be  formed  artificially  by  adding  oxalic  acid  or 
oxalate  of  ammonia  to  any  solution  of  lime.  It  is  insoluble  in  water,  and 
in  excess  of  oxalic  acid,  but  dissolves  in  muriatic  and  nitric  acids:  hence 
in  testing  acid  solutions  for  lime,  by  oxalic  acid,  or  oxalate  of  ammonia, 
the  excess  of  acid  should  be  previously  neutralized.  Whilst  drying  upon 
the  sand-heat  this  salt  becomes  singularly  electrical.  At  a red-heat  it  is 
converted  first  into  carbonate,  and  then  into  quicklime.  When  recently 
precipitated,  well  washed,  and  dried  by  mere  exposure  to  air,  it  consists  of 


Lime 

• • 

1 

• • 

28 

34.1 

Thomson. 

33.98 

Oxalic  acid 

1 

• • 

36 

43.9 

43.69 

Water 

• • 

2 

• • 

18 

22.0 

22.33 

Dried  at  60° 

• • 

1 

82 

100.0 

100.00 

When  kept  at  212°, 

till 

it  no 

longer 

loses  weight,  it  appears  to  con 

sist  of 

Lime  . . 

. 1 

• • 

28  . 

. 38.3 

Vogel.  Berard. 

. . 38.5  . . 38 

Gav-Lussac 
and  Thenard. 

. . 38.655 

Oxalic  acid  . 

. 1 

• • 

36  . 

. 49.3 

: : S } « 

* * 61.345 

• • 

Water  . . 

. 1 

* * 

9 . 

. 12.4 

Dried  at  212° 

1 

73 

100.0 

100.0  100. 

100.000 

When  dried  at  500°,  it  becomes  anhydrous , and  then  contains 

Vogel. 

Thomson.  Dumas. 

Lime  . . . . 1 . . 28  . . 43.7  . . 43.75  . . 44.01 

Oxalic  acid  . . 1 . . 36  . . 56.3  . . 56.25  . . 55.09 


Dried  at  500°  . 1 64  100.0  100.00  100.00 


As  oxalate  of  lime  is  frequently  referred  to  in  quantitative  analysis,  the 
degree  of  desiccation  must  be,  in  such  cases,  attentively  observed  ; but  it  is 
perhaps  better  to  convert  it  by  heat  and  sulphuric  acid  into  anhydrous 
sulphate  of  lime , the  equivalent  of  which  is  more  certain. 

Oxalates  of  Baryta  is  very  nearly  insoluble.  It  cannot  be  obtained 
in  an  anhydrous  state,  but  when  dried  at  212°,  contains 

Berard. 


Baryta  . . 

. 1 

. . 77  . . 

63.0 

Oxalic  acid  . 

. 1 

. . 36 

29.5 

Water  . . 

. 1 

. . 9 . . 

7.5 

62.17 

37.83 


1 


122 


100.0 


100.00 
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Binoxalate  of  Baryta  is  formed  by  boiling  excess  of  oxalic  acid 
with  carbonate  or  nitrate  of  baryta;  on  cooling  it  is  deposited  in  trans- 
parent crystals.  Boiling  water  resolves  these  into  a precipitate  of  neutral 
oxalate,  and  free  acid.  The  crystals  contain 

Berard. 


Baryta  . . 

. . 1 

77 

• • 

46.5 

45 

Oxalic  acid  . 

. . 2 

72 

• • 

43.51 

55 

Water  . . 

. . 2 

18 

• • 

10.0  J 

1 

167 

100.0 

100 

Oxalate  of  Strontia  is  a white  tasteless  powder  nearly  insoluble  in 
water  (in  1920  boiling  water,  Hope.)  It  consists  of  1 atom  of  oxalic 
acid,  1 of  strontia,  and  2 of  water.  (Thomson.) 

Oxalate  of  Magnesia  is  a white,  tasteless,  and  almost  insoluble 
powder ; yet  it  is  not  immediately  thrown  down  when  oxalic  acid,  or 
even  oxalate  of  ammonia,  is  added  to  sulphate  of  magnesia,  unless  the 
solutions  are  concentrated  and  hot.  Hence  oxalate  of  ammonia  may  be 
used  to  detect  lime  in  solutions  containing  magnesia. 

Oxalate  of  Manganese.  When  black  oxide  of  manganese  and 
superoxalate  of  potassa  are  triturated  together  and  moistened,  carbonic 
acid  is  evolved ; and,  on  adding  more  water,  and  filtering,  a red  solution, 
containing  oxalic  acid,  potassa,  and  manganesic  acid,  is  obtained,  which 
after  a time  becomes  colourless,  and  a triple  salt  is  formed,  containing 
the  protoxide  of  manganese.  Oxalic  acid  and  oxalate  of  ammonia  throw 
down  a white  powder  from  concentrated  solutions  of  the  protosalts  of 
manganese. 

Oxalate  of  Iron.  The  protoxalate  crystallizes  in  green  prisms,  and 
may  be  formed  either  by  digesting  the  metal,  or  dissolving  the  protoxide 
in  the  acid.  The  peroxalate  is  thrown  down  from  the  permuriate  or 
persulphate  of  iron,  in  the  form  of  a difficultly-soluble  yellow  powder, 
which  is  taken  up  again  by  excess  of  oxalic  acid:  hence  the  use  of  This 
acid  in  removing  iron-moulds,  which  it  does  without  injuring  the  texture 
of  linen. 

Oxalate  of  Zinc  is  formed  by  adding  oxalic  acid  to  a soluble  salt  of 
zinc:  it  is  a white  powder,  nearly  insoluble. 

Oxalate  of  Tin  is  formed,  according  to  Bergman,  by  digesting  the 
metal  in  the  acid;  the  solution,  slowly  evaporated,  gives  prismatic 
crystals. 

Oxalate  of  Cadmium  is  a white  insoluble  powder. 

Oxalate  of  Copper.  Oxalic  acid  oxidizes  and  dissolves  copper. 
When  oxalic  acid  is  added  to  sulphate  or  nitrate  of  copper,  oxalate  of 
copper  is  thrown  down  in  the  form  of  a green  powder,  soluble  in  excess  of 
acid,  and  yielding  a solution  from  which  prismatic  green  crystals  may  be 
obtained,  of  binoxalate  ? 

Oxalate  of  Copper  and  Ammonia.  This,  and  several  other  double 
oxalates  of  copper , have  been  described  by  Yogel.  (Schweigger  s Journal , 
vii.)  By  digesting  oxalate  of  copper  in  a solution  of  oxalate  of  ammonia, 
and  filtering,  rhomboidal  crystals  were  obtained  on  evaporation,  which 
detonated  when  suddenly  heated:  when  slowly  heated,  they  merely  lost 
water  and  ammonia.  From  the  analysis  of  this  salt,  it  appears  to  con- 
sist of 
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Ammonia 

1 

...  17  - 

10.90 

10.5 

Oxide  of  Copper 

1 

40 

25.64 

25.0 

Oxalic  acid  . . 

2 

...  72  ... 

46.15 

...  47.5 

Water  . 

3 

...  27  ... 

17.31 

17.0 

1 

156 

100.00 

100.0 

By  digesting  oxalate  of  copper  in  caustic  ammonia,  and  pouring  the 
solution  thus  obtained  into  a shallow  basin,  it  deposits  flat  six-sided  prisms 
of  a blue  colour,  which  effloresce  on  exposure  to  air.  The  undissolved 
portion  of  the  oxalate  also  combines  with  ammonia,  and  produces  another 
distinct  compound. 

Oxalate  of  Copper  and  Potassa  is  obtained  by  digesting  car- 
bonate of  copper  in  solution  of  binoxalate  of  potassa.  Prismatic  and 
rhomboidal  crystals  are  formed,  which  Vogel  considers  as  two  distinct 
salts;  the  former,  consisting  of  one  proportional  of  oxalate  of  copper, 
one  of  oxalate  of  potassa,  and  eight  of  water;  and  the  latter,  of  one 
proportional  of  oxalate  of  copper,  one  of  oxalate  of  potassa,  and  two  of 
water. 

Oxalate  of  Copper  and  Soda.  Vogel  has  also  described  two  varieties 
of  this  salt.  (Schweigger’s  Journal , vii.) 

Oxalate  of  Lead  ( Oxf  + Pl)  is  thrown  down  in  crystalline  grains  on 
adding  oxalic  acid  to  nitrate  of  lead.  It  is  insoluble  in  water,  but 
dissolves  sparingly  in  excess  of  oxalic  acid.  Heated  in  close  vessels  it 
leaves  a suboxide  of  lead;  in  the  air  it  leaves  oxide  of  lead:  it  is  anhy- 
drous when  dried  at  212°,  and  consists  of 


Oxide  of'  lead 
Oxalic  acid  . 

. . 1 

. . 1 

...  112  ... 

...  36  .. 

. 75.68 

. 24.32 

Berzelius. 
...  75.46 

...  24.54 

1 

148 

100.00 

100.00 

When  heated  in  a tube  with  potassium,  it  detonates  violently. 

Oxalate  of  Antimony  has  not  been  examined. 

Oxalate  of  Bismuth  is  deposited  in  crystalline  grains,  when  solution 
of  oxalic  acid  is  dropped  into  nitrate  of  bismuth. 

Oxalate  of  Cobalt  is  an  insoluble  red  powder,  precipitated  by 
oxalic  acid  from  solutions  of  cobalt.  It  dissolves  in  excess  of  oxalic  acid, 
and  the  solution  furnishes  crystals.  The  dry  salt  yields,  when  heated  in 
a tube,  0.3286  metallic  cobalt,  0.4757  carbonic  acid,  and  0.1957  water; 
it  therefore  consists  of  1 atom  of  oxide  of  cobalt,  1 of  oxalic  acid,  and  2 
of  water.  When  carefully  heated,  it  loses  water,  and  then  burns  in  the 
air.  (Dobereiner.)  It  forms  a double  salt  with  oxalate  of  ammonia. 

Oxalate  of  Uranium  is  difficultly  soluble  in  water,  and  is  preci- 
pitated by  concentrated  oxalic  acid  from  the  neutral  salts  of  uranium. 
A weak  solution  of  a salt  of  uranium  is  not  disturbed  by  oxalate  of 
potassa.  The  oxalate  of  uranium  contains  13.5  per  cent . water,  the 
oxygen  of  which  is  to  that  of  the  oxide  as  3 : 1.  (Berzelius.) 

Oxalate  of  Cerium  is  precipitated  by  the  addition  of  oxalic  acid  or 
oxalate  of  ammonia  to  solutions  of  the  protoxide  of  cerium,  of  a white 
colour,  insoluble  in  excess  of  acid,  but  soluble  in  liquid  ammonia.  In 
solutions  of  the  peroxide  of  cerium,  the  precipitate  is  of  a dingy-red,  and 
soluble  in  ammonia. 
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Oxalate  of  Nickel  is  thrown  down  from  the  nitrate  in  the  form  of 
an  insoluble  green  powder.  It  contains  13.4  per  cent.  (=  2 atoms)  of 
water:  heated  in  a retort  it  yields  carbonic  acid  and  metallic  nickel:  it 
forms  double  salts  with  the  oxalates  of  ammonia,  potassa,  and  soda. 

Oxalate  of  Chromium,  in  solution,  is  red  by  transmitted,  and  green 
by  reflected,  light ; it  yields,  on  evaporation,  a green  deliquescent  and 
very  soluble  salt,  which  crystallizes  with  excess  of  acid,  and  is  not  preci- 
pitated by,  but  forms  double  salts  with,  the  alkalis. 

Oxalate  of  Molybdenum.  The  prof  oxalate  is  dark-gray;  black 
when  dry;  and  little  soluble  in  excess  of  oxalic  acid.  The  per  oxalate 
may  be  obtained  in  very  dark-blue  crystals,  yielding  a red  solution  from 
which  ammonia  throws  down  a red  basic  salt,  insoluble  in  excess  of 
ammonia.  Molybdic  acid  yields  a colourless  solution  in  oxalic  acid, 
which,  when  evaporated,  becomes  at  first  gelatinous,  and  then  crystalline ; 
it  is  soluble  in  water  and  alcohol.  These  oxalates  of  molybdenum  all 
yield  double  salts  with  oxalate  of  potassa.  (Berzelius.) 

Oxalate  of  Titanium  falls  as  a curdy  hydrated  precipitate,  when  a 
solution  of  titanium  is  heated  with  oxalic  acid:  it  dissolves  in  excess  of 
acid,  and  consists,  according  to  Rose,  of  6 atoms  of  oxide  of  titanium,  1 of 
oxalic  acid,  and  6 of  water. 

Oxalate  of  Columbium.  According  to  Wollaston,  the  recently- 
precipitated  hydrated  columbic  acid  dissolves  in  oxalic  acid ; but  Gahn, 
Berzelius,  and  Eggertz  state,  that  only  a trace  of  the  acid  is  so  dissolved, 
but  that  binoxalate  of  potassa  readily  takes  it  up  and  forms  with  it  a 
double  salt,  from  which  the  alkalis  throw  down  columbic  acid. 

Oxalate  of  Mercury  is  precipitated  from  the  nitrates  by  oxalic  acid. 
The  protoxalate  is  scarcely  soluble,  and  detonates  slightly  when  heated. 
It  was  supposed  to  exist  in  Howard’s  fulminating  mercury,  but  this 
appears  not  to  be  the  case.  It  forms  a double  salt  with  oxalate  of 
potassa. 

Oxalate  of  Silver  is  an  insoluble  white  powder,  which  blackens 
when  exposed  to  light.  It  is  precipitated  on  adding  oxalic  acid  to  nitrate 
of  silver,  and  is  soluble  in  nitric  acid.  It  detonates  slightly  when  violently 
struck  upon  an  anvil:  when  heated  it  becomes  electric,  and  evolves  wTater 
and  carbonic  acid,  leaving  metallic  silver.  It  forms  a double  salt  with 
oxalate  of  potassa. 

Oxalate  of  Alumina  is  easily  formed  by  dissolving  the  newly-pre- 
cipitated earth  in  oxalic  acid:  it  does  not  crystallize,  but  affords,  on 
evaporation,  a gelatinous  mass,  which  deliquesces  on  exposure.  This  is 
probably  a binoxalate,  for  Berzelius  states  that  the  neutral  oxalate  is 
insoluble. 

Hydroxalic  Acid.  ( Acide  oxalhydrique.)  Under  this  name  Guerin- 
Varry  (Anti,  de  Chim.  et  Phys .,  lii.,  318)  has  described  a peculiar  acid, 
which  is  formed,  together  with  oxalic  acid,  during  the  action  of  nitric  acid 
upon  sugar,  gum,  and  other  substances,  and  which  wTas  noticed  by  Scheele, 
and  considered  as  identical  with  malic  acid.  Guerin  obtains  this  acid  by 
mixing  one  part  of  gum-arabic  with  two  of  nitric  acid,  diluted  Mrith  half 
its  weight  of  water  in  a retort  of  four  times  the  capacity  of  that  of  the 
mixture,  and  connected  with  a tubulated  receiver:  heat  is  applied  till 
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nitrous  vapours  begin  to  appear ; it  is  then  withdrawn,  and  a large 
quantity  of  nitrous  gas  succeeds;  when  this  ceases,  the  liquor  is  boiled 
for  an  hour,  then  diluted  with  4 parts  of  water,  saturated  by  ammonia, 
and  a solution  of  nitrate  of  lime  is  then  added  to  precipitate  oxalic  acid: 
the  solution,  which  is  now  of  an  orange-colour,  is  filtered  and  precipitated 
by  acetate  of  lead:  the  precipitate  is  washed  upon  a filter  till  the  washings 
no  longer  are  discoloured  by  sulphuretted  hydrogen,  and  is  then  decom- 
posed either  by  a stream  of  that  gas  or  by  sulphuric  acid  diluted  with  6 
weights  of  water:  the  acid  thus  obtained  is  evaporated  by  a gentle  heat, 
and,  when  sufficiently  concentrated,  is  neutralized  by  ammonia,  and 
evaporated  till  it  begins  to  crystallize.  The  crop  of  crystals  which  it 
affords,  and  which  are  dark-coloured,  are  dissolved  and  treated  by  animal 
charcoal,  the  decoloured  solution  is  then  precipitated  again  by  acetate  of 
lead,  and  the  precipitate  decomposed  as  before  : the  acid  liquor  nowr 
obtained  is  cautiously  evaporated  to  the  consistency  of  syrup,  and  the 
evaporation  is  completed  in  vacuo,  till  the  residuary  liquor  begins  to 
acquire  a yellow  tint. 

Trommsdorf’s  process,  for  obtaining  this  acid,  is  as  follows : He 
heats  a mixture  of  equal  parts  of  sugar  and  nitric  acid  (specific  gravity 
1.2)  till  it  begins  to  effervesce;  abundance  of  gas  is  evolved,  and  the 
liquid  becomes  thick  and  yellow;  it  is  then  diluted  with  water,  and 
saturated  by  chalk,  the  excess  of  which,  and  the  precipitated  oxalate  of 
lime,  are  removed  by  filtration:  the  filtered  liquor  is  concentrated  by 
evaporation  and  mixed  with  alcohol,  which  precipitates  the  hydroxalate 
of  lime : this  is  collected,  redissolved,  filtered  through  charcoal,  and 
decomposed  by  acetate  of  lead ; the  resulting  hydroxalate  of  lead  is 
decomposed  as  before  by  sulphuretted  hydrogen:  to  get  it  colourless,  the 
acid  must  be  saturated  by  soda,  again  thrown  down  by  lead,  and  this 
decomposed  as  before.  Eight  ounces  of  sugar  yield  about  one  ounce  of 
the  acid.  (Ann.  de  Chim.  et  Phys .,  liv.  208.) 

Hydroxalic  acid , when  obtained  in  its  utmost  state  of  concentration, 
is  in  the  form  of  a syrupy,  colourless,  inodorous,  and  intensely-sour  liquid. 
Its  specific  gravity  is  1.415  at  60°.  It  unites  in  all  proportions  with 
water  and  alcohol,  but  is  only  sparingly  soluble  in  ether.  It  is  very 
deliquescent.  It  precipitates  lime,  baryta,  and  strontia  water,  and  the 
precipitates  are  all  soluble  in  excess  of  acid:  in  this  respect  it  resembles 
tartaric  acid;  but  it  differs  from  that  acid  in  not  precipitating  potassa  or 
its  salts  when  added  to  them  in  excess:  it  is  distinguished  from  malic 
acid,  which  does  not  precipitate  the  above  bases.  It  furnishes  copious 
white  precipitates  in  solutions  of  lead  and  silver.  It  dissolves  zinc  and 
iron,  with  disengagement  of  hydrogen,  but  has  no  action  on  tin.  When 
1 part  of  hydroxalic  acid  and  3 of  nitric  acid  are  mixed  and  left  for  a 
month,  at  common  temperature,  being  shaken  daily,  nitrous  gas  and 
carbonic  acid  are  evolved,  and  crystallized  oxalic  acid  formed:  boiled 
with  nitric  acid,  hydroxalic  acid  is  converted  into  oxalic  and  carbonic 
acids:  with  equal  parts  of  sulphuric  acid  and  water,  it  yields  sulphurous 
and  carbonic  acids:  it  is  changed  into  formic  acid  when  gently  heated 
with  sulphuric  acid  and  black  oxide  of  manganese.  Subjected  to  destruc- 
tive distillation  it  affords  the  usual  products  of  these  compounds,  and 
leaves  a bulky  charcoal. 
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According  to  Guerin,  this  acid,  in  its  anhydrous  state,  as  in  the  salt 
of  lead,  is  composed  of  (4  COLT  + 3 h + 6 O):  its  equivalent,  therefore,  is 


or, 

Carbon  ...... 

4 

24 

32 

Guerin. 

32.4 

Hydrogen  

3 . . 

3 

4 

3.9 

Oxygen . 

6 . . 

48 

. . 64 

. . 63.7 

Anhydrous  hydroxalic  acid  . 

I 

75 

100 

100.0 

The  above  numbers  are,  it  is  to  he  observed,  equivalent  to  2 atoms  of 
dry  oxalic  acid  + 3 atoms  of  hydrogen. 

III.  Citric  Acid.  This  acid  exists  in  many  vegetables,  either  free, 
or  combined  with  lime:  it  is  especially  abundant  in  lemon-juice , from 
which  it  was  first  obtained  in  a crystalline  form  by  Scheele : it  is  contained 
in  gooseberries,  raspberries,  and  other  fruits,  and  is  often  associated  with 
malic  acid. 

Citric  acid  is  obtained  from  lemon  or  lime-juice  as  follows.  Boil 
the  expressed  juice  for  a few  minutes,  and,  when  cold,  strain  it  through 
fine  linen:  then  add  powdered  chalk  as  long  as  it  produces  effervescence; 
heat  the  mixture,  and  strain  as  before:  a quantity  of  citrate  of  lime 
remains  upon  the  strainer,  which,  having  been  washed  with  cold  water,  is 
to  be  put  into  a mixture  of  sulphuric  acid  with  20  parts  of  water : the  pro- 
portion of  acid  may  be  about  equal  to  that  of  the  chalk  employed.  In 
the  course  of  24  hours,  the  citrate  of  lime  will  have  suffered  decomposi- 
tion, arid  sulphate  of  lime  is  formed,  which  is  separated  by  filtration. 
The  filtered  liquor,  by  careful  evaporation,  as  directed  for  tartaric  acid, 
furnishes  crystallized  citric  acid. 

The  preparation  of  this  acid  is  carried  on  by  a few  manufacturers 
upon  an  extensive  scale;  in  different  states  of  purity,  it  is  employed  by 
the  calico-printers,  and  used  for  domestic  consumption.  Many  circum- 
stances which  have  not  here  been  alluded  to,  are  requisite  to  ensure 
complete  success  in  the  operation ; these  have  been  fully  described  by  Mr. 
Parkes,  in  the  third  volume  of  his  Chemical  Essays.  The  average  propor- 
tion of  citric  acid  afforded  by  a gallon  of  good  lemon-juice,  is  about  eight 
ounces.  Dr.  Henry  states  that  he  has  obtained  as  much  as  twelve  ounces. 

Citric  acid  forms  beautiful  crystals,  of  which  the  primary  form  is  a 
right  rhombic  prism.  They  have  a very  sour  taste,  and  are  soluble  in 
somewhat  less  than  their  own  weight  of  water  at  60°,  and  in  half  their 
weight  at  212°.  They  also  dissolve  in  alcohol. 

M.  Tilloy  of  Dijon,  recommends  gooseberries  as  a source  of  citric 
acid : they  are  bruised,  and  the  expressed  juice  is  fermented,  and  then 
distilled  to  obtain  the  alcohol : the  residue  is  saturated  by  chalk,  and  the 
washed  citrate  of  lime  decomposed  by  sulphuric  acid  : from  100  parts  of 
gooseberries  he  obtained  10  of  alcohol  and  1 of  acid. 

Citric  acid  is  sometimes  fraudulently  mixed  with  the  tartaric : the 
adulteration  may  be  discovered  by  gradually  adding  to  the  acid  dissolved 
in  water,  a solution  of  carbonate  of  potassa,  which  will  occasion  the 
precipitation  of  bitartrate  of  potassa  if  tartaric  acid  be  present. 

The  crystals  of  citric  acid  include  a certain  proportion  of  water,  part 
of  which  may  be  expelled  by  heat : in  its  anhydrous  state,  as  it  exists 
combined  with  certain  bases,  it  is  a compound  of 
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Carbon 

4 

• • 

24 

41.38 

Berzelius. 

41.369 

Hydrogen  .... 

2 

• • 

2 

3.45 

3.800 

Oxygen 

4 

• e 

32 

55.17 

54.831 

Anhydrous  citric  acid 

1 

58 

100.00 

100.000 

Hence  we  have  the  equivalent  of  this  acid  58,  (58.48,  Turner ; 58, 
Gmelin);  or  (4  COLT  + 2 h + 4 0 .) 

The  crystals  of  citric  acid,  deposited  from  its  saturated  solution  at 
212°,  contain  1 atom  of  water:  they  are, _ therefore,  represented  by  the 
symbol  (4  CUT  + 2 h + 4 O + q),  or  ( dt'  + q.)  Their  equivalent  is 
58  +9  = 67,  and  they  include 

Dumas.  Prout.  Ure. 


Carbon 

Hydrogen 

Oxygen 

4 

3 

5 

. . 24 
. . 3 

. . 40 

. . 35.8 
. . 4.6 

. . 59.6 

. . 36.28 
. . 4.45 

. . 59.27 

. . 34.28 
. . 4.76 

. . 60.96 

. . 33.00 
. . 4.63 

. . 62.37 

Crystallized  citric  acid 

1 

67 

100.0 

100.00 

100.00 

100.00 

These  crystals  fuse  at  a little  above  212°,  into  a limpid  liquid,  with- 
out loss  of  weight,  and  concrete,  on  cooling,  into  a solid  transparent  mass. 
The  crystals  which  are  obtained  by  the  spontaneous  evaporation , at 
common  temperatures,  of  a solution  of  citric  acid,  differ  in  composition 
from  the  former,  and  contain  3 atoms  of  anhydrous  acid  and  4 of  water 
(3  Clt'  + 4 q\  which,  therefore,  is  the  composition  of  the  ordinary  citric 
acid  of  commerce  ; or, 

Berzelius. 

Anhydrous  citric  acid  ...  1 . . 58  . . 82.86  . . 83 

Water * . . 12  . . 17.14  . . 17 

Common  crystallized  acid  . . I 70  100.00  100. 

These  crystals  are  permanent  at  common  temperatures,  but  when 
dried  at  212°  they  effloresce  and  lose  exactly  half  their  weight  of  water, 
being  reduced  to  (3  Clt  + 2 <^),  or 


Anhydrous  citric  acid  . 

1 

• • 

58 

90.6 

Berzelius. 

90.7 

W ater 

2 

s 

• • 

6 

9.4 

9.3 

Effloresced  citric  acid  . 

1 

64 

100.0 

100.0 

When  any  attempt  is  made  to  drive  off  more  water  by  the  application  of 
a higher  temperature,  the  acid  is  itself  decomposed. 

Citrates.  The  neutral  citrates,  considered  as  compounds  of  anhy- 
drous citric  acid  and  bases,  are  so  constituted  that  the  oxygen  in  the  acid 
is  to  that  in  the  base  as  4 to  1 . Many  of  them  are  insoluble,  or  difficultly 
soluble,  but  are  soluble  in  excess  of  acid : those  which  are  soluble  do  not 
deposit  difficultly-soluble  acid  citrates,  when  excess  of  acid  is  added. 
When  cold,  they  give  scanty  precipitates  with  the  salts  of  lime,  but  copious 
when  heated  : these  precipitates  are  soluble  in  a large  quantity  of  water, 
and  in  acetic  acid.  Some  of  the  peculiarities  of  the  citrates  have  been 
pointed  out  by  Berzelius.  {Ann.  de  Chim.  et  Phys .,  lii.,  424  and  432.) 

Citrate  of  Ammonia  crystallizes  with  difficulty  in  prisms. 

Citrate  of  Potassa  is  very  soluble,  deliquescent,  and  difficultly 
crystallizable.  It  is  much  used  in  medicine  as  a mild  diaphoretic,  and  is 


1008 


CITRATES. 


the  Salt  of  Riverius  of  old  pharmacy.  70  parts  of  the  crystallized  acid 
saturate  70  of  carbonate  of  potassa. 

Citrate  of  Soda  is  crystallizable  in  prisms,  of  a saline  flavour,  and 
soluble  in  somewhat  less  than  their  weight  of  cold  water.  When  this 
salt  is  dried  at  212°  it  loses  17-5  per  cent,  of  water,  and  the  remaining 
salt  is  a compound  of  (C^^  + Sfl-^.)  Berzelius  conceives  that  when  this 
salt  is  dried  at  200°  (centigrade)  it  not  only  loses  its  water  of  crystalliza- 
tion, hut  also  a portion  of  water  derived  from  the  elements  of  the  acid ; 
but  that,  notwithstanding  this  partial  decomposition,  it  reverts  to  the 
state  of  perfect  citrate  of  soda,  when  redissolved  in  water. 

Citrate  of  Lithia  is  very  difficultly  soluble,  and  does  not  crystallize. 

Citrate  of  Lime  has  been  adverted  to  in  the  preparation  of  citric 
acid.  It  is  nearly  tasteless,  and  scarcely  soluble  in  water,  but  readily 
soluble  in  solution  of  citric  acid : when  moistened,  it  soon  grows  mouldy 
if  exposed  to  air.  Neutral  citrate  of  lime,  dried  at  212°,  consists  of 
(cit'  + C + q),  or 

Gay  Lussac 
and  Thenard. 

. 31.17 

. 68.83 


Lime  . . . 

1 

. . 28 

29.5 

Berzelius. 

. . 29.70 

Citric  acid  . 

I 

58 

. . 61.0 

60.93) 

Water  . . 

. 1 

9 

9.5 

9.37  1 

1 

95 

100.0 

100.00 

100.00 


This  salt  is  sometimes  prepared  in,  and  exported  from  countries  where 
lemons  and  limes  are  abundant,  as  a source  of  citric  acid. 

Citrate  of  Baryta,  when  neutral,  is  very  difficultly  soluble.  The 
bicitrate  forms  acicular  crystals,  soluble  in  water  and  efflorescent.  The 
neutral  citrate  is  represented  by  ( ClV  + B + 2 q.) 

Citrate  of  Strontia.  Citric  acid  renders  strontia- water  turbid. 
Citrate  of  potassa  does  not  precipitate  nitrate  of  strontia,  till  heated. 

Citrate  of  Magnesia  is  difficultly  soluble,  and  does  not  crystallize. 

Citrate  of  Manganese  is  formed  by  digesting  moist  protoxide  of 
manganese  in  citric  acid ; it  produces  white  arborescent  crystals.  Carbonic 
acid  is  evolved  from  a mixture  of  citric  acid  and  peroxide  of  manganese. 

Citrate  of  Iron.  According  to  Dr.  Henry  ( Elements  of  Chemistry , 
9th  edition,  ii.,  200),  citric  acid  dissolves  iron-filings  with  effervescence, 
and  forms  a nearly  colourless  solution,  which  deposits  citrate  of  iron  in 
the  state  of  a white  powder.  It  has  a sweetish  astringent  taste ; dis- 
solves in  water,  but  not  in  alcohol ; and,  when  exposed  in  a moist  state 
to  the  air,  becomes  first  yellow,  and  then  olive,  being  converted  into  a 
percitrate  which  is  uncrystallizable  and  deliquescent.  There  is  also  a 
bicitrate  of  the  protoxide,  which  is  deposited  in  a white  crystalline  form 
during  the  solution  of  iron  in  excess  of  citric  acid ; it  has  a sour  astringent 
taste,  and  is  more  permanent  than  the  neutral  protocitrate. 

Citrate  of  Zinc.  Zinc  dissolves  in  citric  acid  with  effervescence : 
citric  acid  readily  dissolves  the  oxide  of  zinc,  and  the  solution  deposits 
small  crystals  scarcely  soluble  in  water,  and  of  an  astringent  taste. 

Citrate  of  Tin.  Neutral  citrate  of  potassa  forms  no  precipitate 
either  in  protomuriate  or  permuriate  of  tin. 

Citrate  of  Copper.  Citric  acid  forms  a pale-blue  precipitate  in  solu- 
tion of  sulphate  and  nitrate  of  copper.  When  solution  of  acetate  of 
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copper  and  citric  acid  are  boiled  together,  a granular  green  precipitate 
gradually  falls,  composed  of  (3  Clt l -f  4 Cu  + 4 C[.)  When  dried  at  212° 
it  becomes  blue,  and  loses  half  its  water. 

Citrate  of  Lead  is  thrown  down  in  the  state  of  a nearly  insoluble 
powder,  when  citric  acid  is  added  to  nitrate  of  lead.  According  to  Berze- 
lius, a neutral  citrate  of  lead  is  most  certainly  obtained  by  adding  an 
alcoholic  solution  of  citric  acid  to  a solution  of  acetate  of  lead,  and  washing 
the  precipitate  with  alcohol,  for  water  abstracts  part  of  its  acid.  It  con- 
sists of  (CZ^  + Pl.)  On  digesting  this  neutral  salt  with  subacetate  of 
lead,  he  obtained  a bibasic  salt,  or  dicitrate  of  lead  (Cltf  + 2 Pl.)  By 
the  action  of  ammonia  on  the  neutral  citrate  he  formed  a subsalt,  repre- 
sented by  (3  Clt1  + 4 Pl)  : and  lastly,  by  dissolving  the  neutral  citrate 
of  lead  in  hot  and  very  weak  nitric  acid,  the  saturated  solution  deposited 
crystals  on  cooling,  composed  of  (3  Clt’  + 2 Pl  + 2 

Citrate  of  Antimony? 

Citrate  of  Bismuth  is  an  insoluble  white  compound. 

Citrate  of  Cobalt  appears  to  be  a soluble  salt. 

Citrate  of  Uranium,  formed  by  digesting  oxide  of  uranium  in  citric 
acid,  is  a soluble  and  difficultly-crystallizable  salt. 

Citrate  of  Nickel  is  not  thrown  down  by  adding  either  citric  acid 
or  citrate  of  potassa  to  the  solutions  of  nickel. 

Citrate  of  Mercury.  Both  the  protocitrate  and  per  citrate  of  mer- 
cury are  insoluble,  and  thrown  down  when  citric  acid  or  a soluble  citrate 
is  added  to  the  neutral  solutions  of  mercury. 

Citrate  of  Silver  is  an  insoluble  white  powder,  which  blackens 
when  exposed  to  light.  It  detonates  slightly  when  heated.  It  is  the 
most  uniform  of  the  citrates,  being  always  (Clt1  Ag.) 


Pyrocitiiic  Acid.  When  citric  acid  is  distilled  in  a retort  per  se, 
an  acid  liquid  is  obtained,  which,  when  saturated  by  lime,  affords  a pre- 
cipitate, which  may  be  decomposed  by  oxalic  acid,  and  thus  furnishes  a 
peculiar  product  called,  by  Lassaigne,  pyrocitric  acid.  ( Ann  de  Chim.  et 
Phys .,  xxi.,  100.)  It  forms  salts,  perfectly  distinct  from  the  citrates;  its 
equivalent  number  is  56.  It  consists  of  (5  CCLT  + 2 h -j-  3 0),  or, 

Dumas 


Carbon  .....  5 
Hydrogen  ....  2 
Oxygen 3 

Pyrocitric  acid  ...  1 


30 

• . 

53.5 

• • 

54.07 

2 

. v 

3.7 

• • 

3.53 

24 

• • 

42.8 

• • 

42.40 

56 

100.0 

100.00 

Malic  Acid.  The  existence  of  a peculiar  acid  in  the  juice  of  apples 
was  shown  by  Sclieele,  in  1765.  He  obtained  it  by  adding  solution  of 
acetate  of  lead  to  the  expressed  juice  of  unripe  apples,  by  which  a malate 
of  lead  was  formed,  and  afterwards  decomposed  by  sulphuric  acid. 
Vauquelin  obtained  it  by  a similar  process,  from  the  juice  of  the  house- 
leek.  The  same  acid  exists,  according  to  Braconnot  and  Houton  Labil- 
lardiere,  in  the  berries  of  the  mountain-ash  ( Ann . de  Chim.  et  Phys., 
viii.,  214),  from  which  it  was  first  obtained  by  Mr.  Donovan  in  1815, 
and  called  by  him  sorbic  acid ; the  apparent  differences  between  the 
malic  and  sorbic  acids  are  referable  to  the  impurities  of  the  former. 
Mr.  Donovan  has  given  the  following  process  for  its  preparation.  (Phil. 

3 t 
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Trans.,  18)5.)  Express  the  juice  of  the  ripe  berries,  and  add  solution 
of  acetate  of  lead,  filter,  and  wash  the  precipitate  with  cold  water ; then 
pour  boiling  water  upon  the  filter,  and  allow  it  to  pass  through  the  preci- 
pitate into  glass  jars : after  some  hours  crystals  are  deposited,  which  are 
to  he  boiled  with  2.3  times  their  weight  of  sulphuric  acid  • specific 
gravity  1 .090.  The  clear  liquor  is  to  be  poured  off,  and,  while  still  hot,  a 
stream  of  sulphuretted  hydrogen  is  to  be  passed  through  it,  to  precipitate 
the  remaining  lead ; the  liquid  is  then  filtered,  and  when  boiled  so  as  to 
expel  the  sulphuretted  hydrogen,  is  a solution  of  the  pure  vegetable  acid. 

M.  Braconnot  procures  this  acid  by  saturating  the  juice  of  the 
scarcely-ripe  berries  with  chalk ; during  evaporation  malatc  of  lime  falls, 
which  he  decomposes  by  carbonate  of  soda ; the  malate  of  soda  is  decom- 
posed by  acetate  of  lead,  and  treated  by  sulphuretted  hydrogen  as  before 
described.  (Ann.  de  Chim.  el  Phys .,  vi.) 

According  to  Liebig  (Arm.  de  Chim.  et  Phys.,  xliii.,  259,  and  lii.,  434), 
pure  malic  acid  is  obtained  by  boiling  the  juice  with  animal  charcoal, 
filtering,  adding  a little  potassa,  evaporating,  and  adding  alcohol  to 
precipitate  bitartrate  of  potassa : then  distil  off  the  alcohol,  and  reduce 
the  residue  to  the  consistency  of  syrup,  and  again  add  alcohol,  which 
throws  down  mucilage.  The  residue  of  the  second  distillation, 
diluted  and  mixed  with  acetate  of  lead,  yields  malate  of  lead,  which  is 
washed  and  decomposed  by  sulphuretted  hydrogen:  to  complete  the 
purification  of  the  acid,  its  solution  is  concentrated,  diluted  by  alcohol, 
and  half  saturated  by  ammonia  : the  himalate  of  ammonia  is  crystallized, 
and  used  as  a source  of  malate  of  lead,  to  be  decomposed  as  before, 

Malic  acid  is  usually  obtained  in  the  state  of  a colourless  liquid,  very 
sour,  and  scarcely  susceptible  of  regular  crystallization,  though  when  very 
carefully  evaporated  it  concretes  into  mammillary  masses,  showing  traces 
of  acicular  crystals.  It  is  deliquescent,  and  very  soluble  in  alcohol  and 
water.  Nitric  acid  converts  it  into  oxalic  acid.  Malic  and  citric  acids, 
when  anhydrous,  are,  according  to  Liebig,  isomeric ; malic  acid  is  there- 
fore represented  by  the  equivalent  58,  or  (4  CCLT  4-  2 h + 4 O.) 

Malates.  The  neutral  salts  of  the  malic  acid  are  composed  of  1 atom 
of  acid  + 1 of  base,  and  are  not  subject  to  those  capricious  modifications 
which  characterize  the  citrates.  The  neutral  malates  are  mostly  soluble 
in  water : those  of  ammonia,  potassa,  and  soda,  are  very  soluble  and 
deliquescent : the  himalates  of  those  bases  are  less  soluble,  and  are  crys- 
tallizable : the  neutral  and  himalate  of  baryta  are  very  soluble,  and  leave, 
on  evaporation,  gummy  masses : the  basic  malate  of  baryta  (TfldU  + 

2 B)  is  insoluble.  The  neutral  malate  of  strontia  is  soluble ; the  bima- 
late,  difficultly  soluble.  The  same  is  the  case  with  the  corresponding 
salts  of  manganese.  With  peroxide  of  iron  the  neutral  malate  is  uncrys- 
tallizable,  soluble  in  water  and  alcohol,  and  deliquescent : the  permalate* 
of  mercury  is  uncrystallizable  ; water  resolves  it  into  a super  and  a sub- 
salt. The  best  mode  of  distinguishing  the  malates  is  to  convert  them 
into  malate  of  lead,  which  may  be  easily  identified.  (Dumas.) 

Malate  of  Lime.  The  neutral  malate  (TKldl1  + C)  dissolves  in  150 
parts  of  water  at  00°,  and  in  65  parts  at  212°:  the  hot  saturated  solution 
deposits  small  crystals  on  cooling  : its  taste  resembles  that  of  nitre.  Ac- 
cording to  Grottlius,  it  dissolves  readily  in  solutions  of  other  salts,  such 
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as  those  of  nitrate  of  potassa,  chloride  of  sodium  and  of  calcium,  and 
muriate  of  ammonia.  The  bimcilate  of  lime  (2  TTlClfy  + C)  dissolves  in 
50  parts  of  water  at  6*0°,  and  yields  flattened  six-sided  prisms;  insoluble 
in  alcohol : it  exists  in  several  plants,  hut  when  obtained  from  their  juices 
it  is  disguised  by  mucilage. 

Malate  of  Magnesia  (JflOlV  + M),  forms  permanent  crystals,  solu- 
ble in  28  parts  of  water. 

Malate  of  Lead  (? HClI'  + Pl),  is  scarcely  soluble  in  cold  water : its 
hot  saturated  solution  deposits  white  and  brilliant  lamellar  crystals  as  it 
cools.  When  first  thrown  down  as  a precipitate,  it  appears  pulverulent, 
but  assumes  spontaneously  a crystalline  aspect,  especially  when  heated. 
It  is  fusible  at  212°,  and  then  becomes  less  easily  soluble  in  water:  to 
saturate  boiling  water  with  it,  it  must  be  added  in  fine  powder,  and  in 
successive  portions.  It  forms  uncrystallizable  double  salts  with  malate 
of  ammonia,  and  malate  of  zinc. 

Malate  of  Silver  falls  on  mixing  nitrate  of  silver  with  bimalate  of 
ammonia ; it  is  brilliant  white,  but  becomes  yellow  when  dried : it  dis- 
solves in  boiling  water,  but  by  continued  boiling  it  is  reduced,  and  metallic 
silver  separates. 

Pyromalic  Acid.  According  to  Pelouze,  malic  acid  enters  into  fusion 
at  about  180°:  at  about  380°  (178°  Cent.)  it  is  resolved  into  water,  and 
two  pyro-acids,  which  he  terms  malaeic  and  paramakcic  acids. 

Mae/eic  Acid  is  formed  when  malic  acid  is  distilled  at  about  400°. 
A liquid  passes  over  which  crystallizes,  and  consists  entirely  of  malaeic 
acid ; its  taste  is  acid  and  nauseous:  it  is  soluble  in  water  and  alcohol. 
The  solution  of  this  acid  does  not  precipitate  lime  water:  in  a solution  of 
acetate  of  lead  it  forms  white  flocculi,  which  gradually  become  semi- 
transparent. The  anhydrous  malaeic  acid  consists  of  ( 4 CCLT  + h + s O) 
its  equivalent  being  49. 

Malaxates.  These  salts  have  not  been  much  examined;  they  closely 
resemble  the  succinates  in  many  of  their  properties. 

Paramalauc  Acid  is  produced  by  the  continuous  action  of  a moderate 
heat  upon  the  malaeic  acid;  or  by  boiling  it  in  a long  tube,  so  that  the 
evolved  water  constantly  falls  hack  upon  the  acid.  This  acid  crystallizes  in 
large  striated  prisms,  soluble  in  200  parts  of  water,  and  of  an  acid  flavour. 
The  atomic  composition  of  this  acid  is  identical  with  the  malaeic. 

Param ala:ates.  The  paramalceates  of  ammonia,  potassa,  and  soda, 
are  very  soluble  and  crystallizable : those  of  lime,  baryta,  and  strontia,  are 
also  so  far  soluble  that  the  acid  affords  no  precipitate  in  their  respective 
aqueous  solutions.  The  paramalaeate  of  peroxide  of  iron  is  insoluble  and 
brown;  that  of  copper,  insoluble  and  green;  and  of  lead,  white,  and  not 
crystalline,  except  when  deposited  from  its  solution  in  boiling  water.  The 
paramalaeate  of  silver  is  so  insoluble  that  1 part  of  the  acid  in  200,000 
of  water  renders  nitrate  of  silver  turbid. 

Formic  Acid.  The  peculiarities  of  an  acid  obtained  by  the  distillation 
of  ants,  was  first  noticed  by  Fischer  and  Margraaf;  but  it  was  afterwards 
regarded  as  identical  with  acetic  acid,  upon  the  authority  of  Fourcroy  and 
Yauquelin  (Ann.  de  Chim .,  lxiv.,  48).  Gehlen,  however,  (Thomson’s 
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Annals , v.,  24,)  and  more  lately  Berzelius,  have  shown  that  it  is  a dis- 
tinct compound ; and  Ddbereiner  has  published  some  curious  facts  respect- 
ing its  artificial  production.  (Ann.  de  Chim.  et  Phys .,  xx.,  329,  and  lii., 
105.)  lie  has  shown  that  it  is  the  result  of  the  peroxidizement  of  several 
vegetable  compounds,  and  that  nascent  oxygen  converts  citric  and  tartaric 
acids,  and  many  other  organic  compounds,  into  formic  acid:  numerous 
other  instances  of  the  formation  of  this  acid  might  he  adduced. 

Formic  acid  may  he  obtained  from  a mixture  of  tartaric  acid,  black 
oxide  of  manganese,  and  water;  or  more  abundantly  from  a mixture  of  2 
parts  of  crystallized  tartaric  acid,  5 of  peroxide  of  manganese,  5 of  sul- 
phuric acid,  and  5 of  water.  Soon  after  mixture,  these  ingredients,  which 
should  be  in  a sufficiently  capacious  retort,  effervesce  violently,  and  give 
off  abundance  of  carbonic  acid;  if  afterwards  distilled,  the  formic  acid 
passes  over,  and  may  be  concentrated  in  vacuo:  it  possesses  several  pecu- 
liarities, which  amply  distinguish  it  from  acetic  acid,  among  which  the 
most  remarkable  is  the  action  of  sulphuric  acid,  which  converts  it  into 
water  and  carbonic  oxide;  and  if  sulphuric  acid  be  poured  upon  formiate 
of  potassa , which  is  a deliquescent  and  difficultly-crystallizable  salt,  of  a 
saline  bitter  taste,  an  effervescence  ensues,  attended  by  the  escape  of 
carbonic  oxide  only. 

Pure  formic  acid  is  best  obtained  by  saturating^he  acid  produced  as 
above,  by  carbonate  of  soda,  evaporating  to  dryness,  and  distilling  7 parts 
of  the  dry  salt  with  10  of  sulphuric  acid,  and  4 of  water.  It  has  a pun- 
gent odour,  and  its  combined  water  is  only  separable  by  uniting  it  to 
bases.  It  is  a sour,  colourless  liquid,  which  boils  at  a little  above  212°, 
without  decomposition:  its  specific  gravity  is  1.1168  (Gehlen).  It  reduces 
the  nitrates  of  silver  and  mercury,  by  simple  ebullition. 

The  ultimate  composition  of  formic  acid  in  its  anhydrous  state  is, 
(j2  CQT  3 0)  and  its  equivalent  is  37;  or 


Berzelius. 

G libel. 

Carbon  . . 

2 

12 

. . 32.43 

. . 32.970 

. . 32.53 

Hydrogen  . 

1 

1 

2.70 

2.807 

. . 3.06 

Oxygen  . . 

3 

. . 24 

. . 64.87 

. . 64.223 

64.41 

Anhydrous  formic  acid 

1 

37 

100.00 

100.000 

100,00 

These  elements  are 

equivalent 

to  2 atoms 

of  carbonic 

oxide  and 

atom  of  water,  into  which  formic  acid  is  actually  resolved  by  the  action  of 
sulphuric  acid. 

Formiates.  These  salts  are  all  soluble:  they  are  resolved  by  heat 
into  products  which  have  not  been  particularly  examined:  they  reduce 
the  salts  of  silver  and  mercury  by  the  aid  of  heat,  and  evolve  carbonic 
oxide  when  acted  on  by  sulphuric  acid. 

Formiate  of  Ammonia.  (JOTf  A.)  The  ultimate  components  of 
the  acid  and  base  of  this  salt  are  ( 2 CUT  pH  -f  3 0)  + (%  + 3 A);  these 
elements  are  equivalent  to  hydrocyanic  acid  and  water , or  to  ( 2 COLT  + 71 
■+/k)+3(A  + 0.)  Dobereiner  has  shown,  that  simple  distillation  at  a 
high  temperature  resolves  formiate  of  ammonia  into  hydrocyanic  acid  and 
water,  and  Pelouze  and  Geiger  have  shown  (Ann.  de  Chim.  et  Phys., 
xlviii.,  585,  and  xlix.,  286),  that  under  the  influence  of  bases  or  acids, 
and  water,  hydrocyanic  acid  is  convertible  into  formic  acid  and  ammonia. 
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The  formicites  of  potassa,  soda,  lime,  baryta,  strontia,  and  magnesia, 
are  crystallizable  and  soluble : that  of  alumina  is  unerystallizable,  and 
when  its  solution  is  boiled  the  base  falls.  The  formiate  of  lead  yields 
brilliant  prismatic  crystals,  soluble  in  36  parts  of  water  at  55°,  and  con- 
sisting of  37  acid  + 112  oxide.  Formiate  of  copper  crystallizes  in 
greenish-blue  hexagonal  tables  or  prisms,  efflorescent,  soluble  in  8.5  of 
water,  and  including  4 atoms  of  water  + 1 anhydrous  formiate. 


Suberic  Acid.  This  acid  was  originally  obtained  by  the  action  of 
nitric  acid  upon  cork , by  Brugnatelli  (Crell’s  Annals , 1737,  i-,  154).  It 
was  afterwards  examined  by  Bouillon  Lagrange  {Ann.  de  Chim .,  xxiii., 
42),  and  more  lately  by  Chevreul,  Brandes,  and  Bussy. 

Suberic  acid  is  obtained  as  follows  (Chevreul,  Ann.  de  Chim,  et  Phys ., 
lxii.,  323).  Rasped  cork  is  digested  in  6 times  its  weight  of  nitric  acid; 
it  is  slowly  dissolved,  and  a fatty  matter  separates  upon  the  surface:  this 
is  separated,  and  the  solution  evaporated  at  a gentle  heat,  and  constantly 
>■ stirred  till  it  acquires  a thick  consistence;  it  is  then  diluted  with  6 or  8 
parts  of  water,  and  heated  so  as  to  separate  an  additional  quantity  of  fat; 
the  solution  is  then  filtered  and  evaporated,  and  during  cooling,  oxalic 
acid  and  suberic  acid  are  deposited;  the  latter  in  the  form  of  a white 
powder:  it  may  he  purified  by  dissolving  it  in  ammonia,  precipitating  the 
filtered  solution  by  an  acid,  and  washing  the  precipitate  with  cold  water: 
it  is  sometimes  purified  by  sublimation. 

Suberic  acid  falls  from  its  solution  in  hot  water,  in  the  form  of  a white 
powder,  slightly  acid,  fusible  at  300",  and  subliming  in  acicular  crystals: 
it  dissolves  in  between  5 and  6 parts  of  anhydrous  alcohol.  The  com- 
position and  equivalent  of  this  acid  as  given  upon  different  authorities  are 
various:  according  to  Bussy,  {Jour,  de  Pharm .,  viii.,  110,  and  xix.,  425,) 
Anhydrous  suberic  acid  is  a compound  of  {s  CCLV  + 6 A + 30)  and  its  equi- 
valent is  78.  T}  Bouillon 

' Bussy.  Lagrange. 

Carbon  . . . 8 . . 48  . . 61.5  . . 61.99  . . 58.33 

Hydrogen  . . 6 . . 6 . . 7-7  • • 7-59  . . 7*67 

Oxygen  . . . 3 . . 24  . . 30.8  . . 30.42  . . 34.00 


Anhydrous  suberic  acid  1 


78 


100.0 


100.00 


100.00 


Suberates.  These  salts  have  been  examined  by  Brandes  (Schweig- 
ger’s  Jahrbuch , II.,  III.,  and  VI.)  The  suberates  of  potassa  and  of  soda 
are  soluble,  deliquescent,  and  fusible  without  decomposition:  those  of 
ammonia,  lime,  baryta,  strontia,  magnesia,  manganese,  and  alumina,  are 
more  or  less  soluble : the  suberate  of  protoxide  of  iron  is  precipitated 
white;  that  of  peroxide,  brown:  the  suberates  of  zinc,  tin,  mercury,  and 
•silver,  are  also  in  the  form  of  white  precipitates:  the  suberates  of  cobalt, 
copper,  and  uranium,  are  red,  blue-green,  and  yellow,  and  insoluble. 
The  suberate  of  lead  and  of  silver  are  anhydrous,  and  consist  of  73  acid 
+ 112  oxide  = {Sub1  and  73  acid  -|-  116  oxide  = {Sldbt  Ag). 

Boletic  Acid.  This  acid  was  obtained  by  Braconnot  from  the  Boletus 
pseudo-  igniarius , {Ann.  de  Chim.,  lxxx.),  by  cautiously  evaporating  its 
•expressed  juice  to  the  thickness  of  syrup,  digesting  it  in  alcohol,  dissolving 
the  residue  in  water,  and  adding  nitrate  of  lead  to  the  aqueous  solution; 
the  precipitate,  washed  and  diffused  through  water,  was  decomposed  by 
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sulphuretted  hydrogen;  the  liquor  was  then  filtered  and  evaporated  till  it 
formed  crystals,  which  were  purified  by  solution  in  alcohol  and  evapora- 
tion. These  crystals  are  boletic  acid;  they  are  prismatic,  and  require  180 
parts  of  water  at  68°,  and  45  of  alcohol  for  their  solution,  which  reddens 
blues,  and  precipitates  nitrate  of  lead,  and  the  salts  containing  the  per- 
oxide, but  not  those  of  the  protoxide  of  iron.  This  acid  sublimes,  with 
little  alteration,  when  heated.  Braconnot  has  examined  the  boletates  of 
ammonia , potassa , lime,  and  baryta , but  his  researches  have  not  as  yet 
been  confirmed  by  any  other  chemist. 

Fungic  Acid  was  procured  also  by  Braconnot  from  the  Boletus  ju- 
glandis , and  some  other  fungi;  it  is  deliquescent  and  uncrystallizable. 
{Ann.  de  Chim .,  lxxxvii.) 

Lichenic  Acid  apparently  much  resembles  the  boletic:  it  was  obtained 
by  Pfaff,  by  digesting  lichen  in  a weak  solution  of  carbonate  of  potassa, 
saturating  this  infusion  with  acetic  acid,  adding  acetate  of  lead,  filtering 
off  the  precipitate,  and  leaving  the  filtered  liquor  to  itself:  it  slowly  deposits 
crystals  of  lichenate  of  lead , from  which  lichenic  acid  was  obtained  by  the 
action  of  sulphuretted  hydrogen.  This  acid  is  soluble  in  water  and 
alcohol,  and  forms  acicular  crystals,  which  are  volatile  when  heated,  with- 
out either  fusion  or  decomposition.  The  lichenates  of  ammonia,  potassa, 
and  soda,  are  soluble  and  erystallizable;  that  of  lime  difficultly  soluble; 
and  those  of  baryta,  strontia,  zinc,  manganese,  and  peroxide  of  iron, 
insoluble,  or  nearly  so. 

Equisetic  Acid.  A peculiar  acid  combined  with  magnesia,  was  dis- 
covered by  Braconnot  in  the  Equisetum  fuviatile.  {Ann.  de  Chim.  et  Phys., 

xxxix.,  10.) 

Moroxylic  Acid,  discovered  by  Klaproth  in  the  bark  of  the  Morns 
alba , or  ivhite  midberry.  (Nicholson’s  Journal , vii.)  An  exudation  was 
observed  upon  this  bark,  which  proved  to  be  a compound  of  a peculiar 
acid  and  lime,  or  a moroxylate  of  lime;  its  solution  was  decomposed  by 
acetate  of  lead,  and  the  moroxylate  of  lead  thus  obtained,  decomposed  by 
dilute  sulphuric  acid,  furnished  a solution  of  moroxylic  acid,  which  gave 
acicular  crystals  on  evaporation.  This  acid  has  the  taste  of  succinic  acid; 
it  is  soluble  in  water  and  alcohol,  and  does  not,  like  some  of  its  salts, 
form  precipitates  in  metallic  solutions.  The  quantity  of  this  acid 
examined  by  Klaproth  was  so  small,  as  to  leave  some  doubt  respecting  its 
distinct  nature. 

Verdic  Acid.  This  acid  was  extracted  by  Bunge,  from  several  of 
the  Umbelliferce  and  Plantaginece , &c.,  but  chiefly  from  the  root  of  the 
Scabiosa  succisa , which,  when  dried,  powdered,  and  digested  in  alcohol, 
yields  a tincture  from  which  ether  throws  down  white  flakes;  these  are 
dissolved  in  water,  acetate  of  lead  is  added,  and  the  precipitate  decom- 
posed by  sulphuretted  hydrogen.  On  evaporation  a yellow  acid  product 
is  obtained:  in  this  state  Berzelius  proposes  to  call  it  verdous  acid. 
When  saturated  by  an  alkali,  and  exposed  to  air,  it  absorbs  oxygen  and 
becomes  green.  (Dumas,  v.,  416.)  The  further  examination  of  these 
compounds  may,  perhaps,  throw  some  light  upon  the  nature  of  the  green 
colouring-matter  of  leaves  and  plants. 

QThc  organic  acids  not  hitherto  mentioned,  are  noticed  under  other 
heads.]] 
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§ XVIII.  VEGETABLE  ALKALOIDS,  and  Substances  associated 


WITH,  Oil  ALLIED  TO  THEM. 


Tiie  discovery  of  these  substances  is  one  of  the  most  curious  and  im- 
portant of  modern  chemistry.  The  first  of  them  was  detected  in  opium , 
in  1816,  by  Sertuerner  of  Einheck,  near  Hanover.  Several  others  were 
afterwards  pointed  out  by  Pelletier  and  Caventou,  and  among  them 
cinchonla  and  quinia , (in  different  species  of  cinchona ,)  which  have  proved 
of  so  much  use  in  medicine  ; more  lately,  several  others  have  been  added  to 
the  list.  These  salifiable  bases  appear  all  to  contain  nitrogen  as  one  of 
their  ultimate  elements ; they  have  a hitter  taste,  are,  for  the  most  part, 
very  sparingly  soluble  in  water,  more  soluble  in  alcohol,  and  readily  soluble 
in  most  of  the  dilute  acids : with  infusion  of  galls,  and  with  excess  of 
iodic  acid,  they  furnish  difhcultly-soluble  precipitates ; their  compounds 
with  the  acids  are  decomposed  and  precipitated  by  the  alkalis.  They 
are  mostly  crystallizal.de  ; and  are  represented  by  very  high  equivalent 
numbers.  They  restore  the  blue  colour  to  reddened  litmus.  They  are 
found  in  plants  united  to  certain  acids , and  usually  forming  neutral  or 
.acid  salts,  which,  as  well  as  their  artificial  combinations,  are  decomposed 
in  the  voltaic  circle,  and  the  base  is  evolved  at  the  negative  pole. 

In  consequence  of  the  analogy  that  pervades  these  principles,  one 
general  method  of  separating  them  is  applicable  to  all,  though  each  may 
require  peculiar  modifications  of  it.  The  substance  which  contains  them 
is  boiled  in  water  acidulated  by  muriatic  acid,  the  decoction  is  filtered 
and  neutralized  by  ammonia,  lime,  or  magnesia ; the  alkaloid  is  preci- 
pitated, and  is  then  to  be  separated  and  purified. 


I.  Morphia  : and  the  component  parts  of  Opium.  The  chemical 
examination  of  opium  has  been  remarkably  productive  in  interesting 
results.  It  has  led  to  the  discovery  of  several  alkaloids,  and  of  a 
peculiar  acid,  with  which  they  are  combined ; the  substances  which 
we  shall  have  to  describe  under  this  head  being  the  following : viz., 
morphia,  narcotina,  codeia,  narceia,  meconia,  thebaia,  and  meconic  acid. 

Opium  is  the  inspissated  milky  juice  which  Hows  from  incisions  made 
in  the  unripe  seed-capsule  of  the  poppy ; it  is  only  effectively  obtained 
in  warm  climates,  and  is  imported  into  this  country  chiefly  from  Turkey 
and  India : it  contains  the  above-mentioned  substances,  upon  which  its 
extraordinary  medicinal  powers  depend,  together  with  several  others  of 
little  importance,  such  as,  gum,  resin,  extractive,  ligneous  matter,  oil  and 
caoutchouc. 

1.  Morphia.  The  first  step  in  the  process  for  extracting  morphia, 
and  the  other  alkaloids,  consists  in  cutting  the  opium  into  small  pieces, 
and  digesting  it  in  distilled  water  at  the  temperature  of  about  100°,  till 
its  soluble  parts  are  completely  extracted:  it  affords  a clear  brown  infusion, 
smelling  strongly  of  opium,  and  acid  to  tests.  There  are  several  modes 
of  separating  the  morphia  from  it,  but  among  them  the  two  following  are 
generally  employed : — 

a.  The  infusion  of  opium  is  concentrated  by  evaporation,  and  am- 
monia is  dropped  into  it  till  that  alkali  is  in  slight  excess;  the  precipitate 
which  falls,  and  which  is  chiefly  morphia  and  narcotina,  is  digested  in 
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p-roof  spirit,  at  a temperature  of  about  130°,  which  dissolves  the  greater 
part  of  the  colouring-matter  and  narcotina : the  morphia  which  remains 
is  dissolved  in  boiling  absolute  alcohol,  and  separates  in  crystals  on 
cooling  and  evaporation. 

b.  But  the  best  process  for  the  extraction  of  these  substances  is  that 
proposed  by  Drs.  Gregory  and  Robertson.  The  solution  of  opium  is,  if 
necessary,  somewhat  concentrated  by  evaporation,  and  a solution  of  pure 
chloride  of  calcium  is  added  in  sufficient  quantity  to  precipitate  all  the 
sulphuric  and  meconic  acids  by  which  the  alkaloids  are  held  in  solution : 
it  is  then  filtered,  evaporated  to  the  consistency  of  syrup,  and  set  aside 
to  crystallize  ; the  crystals  are  strongly  pressed  to  squeeze  out  the  mother- 
liquor,  which  contains  resin,  extract,  narcotine,  and  other  matters ; the 
pressed  crystals  are  then  purified  by  treatment  with  animal  charcoal  and 
repeated  crystallization,  till  they  are  obtained  colourless : they  consist  of 
muriate  of  morphia  and  muriate  of  codeia : they  are  then  dissolved  in 
hot  water,  and  ammonia  is  added,  by  which  morphia  is  thrown  down, 
and  which  being  separated  by  filtration,  and  dissolved  in  boiling  alcohol, 
is  obtained  in  pure  crystals.  The  liquor  from  which  the  morphia  has 
been  precipitated,  contains  codeia  in  combination  with  muriate  of  am- 
monia and  some  morphia : it  is  to  be  evaporated  till  it  crystallizes,  and 
the  crystallized  mass  dissolved  in  a small  quantity  of  water  and  decom- 
posed by  excess  of  caustic  potassa ; codeia  is  thrown  down,  and  when 
dissolved  in  ether,  may  be  procured  crystallized  by  its  evaporation. 

The  preceding,  with  some  slight  modifications,  and  technical  manipu- 
lation is  the  best  of  the  numerous  processes  which  have  been  suggested 
for  the  preparation  of  morphia ; of  these,  the  reader  will  find  an  abstract 
in  Dumas,  ( Chim . aptp.  aux  Arts.,  v.,  770.) 

Morphia , when  obtained  from  its  alcoholic  solution,  is  in  small 
brilliant  and  colourless  crystals : they  are  generally  six-sided  prisms, 
with  diedral  terminations,  but  their  primary  form  is  a right  rhombic 
prism.  According  to  Liebig,  these  crystals  are  a hydrate  of  morphia. 
(Ann.  de  Chim.  et  Phys .,  xlvii.  198.)  When  gently  heated,  they  become 
opaque  and  lose  water : at  a higher  temperature  morphia  fuses  into  a 
yellow  liquid,  which  becomes  white  and  crystalline  on  concreting.  In 
the  air  it  burns  with  a bright  resinous  flame.  Morphia,  though  appa- 
rently insoluble  in  cold  water,  has  a very  bitter  taste : boiling  water 
dissolves  not  more  than  a hundredth  of  its  weight,  but  the  solution  is 
alkaline  to  delicate  tests.  It  dissolves  in  40  parts  of  cold,  and  30  of 
boiling  anhydrous  alcohol.  It  is  almost  insoluble  in  ether;  hence  the 
method  of  separating  it  from  narcotine,  which  is  readily  soluble  in  that 
menstruum.  Morphia,  according  to  Wittstock,  as  quoted  by  Berzelius,  is 
soluble  in  potassa  and  soda,  hence  the  necessity  of  avoiding  the  use  of 
those  alkalis  in  its  precipitation.  Ammonia  dissolves  it  very  sparingly, 
so  that  even  that  alkali  ought  not  to  be  used  in  excess. 

The  quantity  of  morphia  obtained  from  opium  is  variable ; the  pro- 
duce is  greatest  from  Turkey  opium,  and  least  from  the  East  Indian  and 
Egyptian.  The  average  is  about  1 oz.  from  the  lb. 

Much  lias  been  said  respecting  the  methods  of  detecting  morphia  by 
tests : those  which  are  commonly  resorted  to  are  nitric  acid,  which, 
when  dropped  upon  crystallized  morphia,  forms  a bright-red  solution ; 
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and  neutral  perchloride  of  iron,  which  produces  a very  characteristic 
blue  colour  (or  blue-green)  ; when  added  to  morphia,  or  to  its  salts, 
provided  the  solutions  are  not  very  dilute.  Iodic  acid  is,  according  to 
Serullas,  the  best  test  of  the  presence  of  morphia ; it  produces  a reddish- 
brown  colour,  and  the  odour  of  iodine  is  immediately  perceptible.  The 
minutest  quantity  of  morphia  has  the  property  of  decomposing  iodic 
acid,  but  in  cases  where  very  small  quantities  are  present,  a solution  of 
starch  should  be  employed  to  detect  the  free  iodine. 

Morphia,  in  its  anhydrous  state  is,  according  to  Liebig,  a compound 
of  (34  COLT  + is  h + eO  + ?2),  its  equivalent  being  284:  or,  in  detail,  as 
follows, 


Carbon  . ... 

34  . . 

204 

Liebig. 

. . 71.8O 

Brande. 

. . 72.0  . . 

Bussy. 

69.0 

Hydrogen  . . . 

18  . . 

18 

6.34 

. . 5.5  . . 

6.5 

Oxygen 

6 . . 

48 

. . 1 6.00 

17.0  . . 

20.0 

Nitrogen  .... 

1 . . 

14 

. . 4.96 

. . 5.5  . . 

4.5 

Anhydrous  Morphia 

1 

284 

100.00 

100.0 

100.0 

Crystallized  Morphia  includes,  according  to  Liebig,  2 atoms  of  water, 
and  is  consequently  represented  by  the  equivalent  .302,  or  (284  -f-  18.) 

Salts  of  Morphia.  These  salts  are  generally  obtained  by  dissolving 
pure  morphia  in  the  dilute  acids:  they  are  colourless,  and  nearly  all 
crystallizable,  bitter,  and  give  a precipitate  of  morphia  with  the  alkaline 
carbonates,  and  with  ammonia.  Tannin,  and  infusion  of  galls,  give 
precipitates  with  them,  which  are  redissolved  by  acetic  acid. 

SuLPnATE  of  Morphia  (Mor  + SO  crystallizes  in  groups  of  acicular 
crystals,  soluble  in  about  twice  their  weight  of  water.  This  salt  consists 


Morphia 

1 

284 

. . 75.2 

Liebig. 

. . 75.38 

Sulphuric  acid 

1 . . 

40 

. . 10.6 

. . 10.49 

W ater 

6 . . 

54 

. . 14.2 

14.13 

Crystallized  sulphate  of  morphia 

1 

378 

100.0 

100.00 

Dried  at  250°  this  salt  loses  4 atoms  of  water,  but  retains  the  2 
remaining  atoms,  (the  quantity  requisite  to  constitute  crystallized  mor- 
phia,) till  heated  up  to  its  decomposing-point,  so  that  that  portion  of 
water  seems  essential  to  the  constitution  of  the  sulphate. 

Bisulphate  of  Morphia  (Mor  -f  2 S)  is  obtained  by  dissolving  the 
sulphate  in  excess  of  acid,  and  digesting  in  ether,  which  removes  the 
excess  of  acid,  but  does  not  dissolve  the  bisulphate. 

Muriate  of  Morphia.  (Mo r + WIUV'.)  This  salt  is  formed  in 
Gregory  and  Robertson’s  process  above  detailed : it  may  be  produced 
directly  by  the  action  of  muriatic  gas  upon  anhydrous  morphia:  it  forms 
acicular  and  plumose  crystals,  soluble  in  about  20  parts  of  water,  and 
when  the  hot  solution  cools,  it  concretes  into  a crystalline  mass : this  is 
the  case  when  the  salt  is  prepared  by  dissolving  morphia  in  hot  liquid 
muriatic  acid.  Muriate  of  morphia  is  an  anhydrous  salt,  composed  of 


Morphia 

Muriatic  acid  .... 

. 1 

. 1 

284 

37 

88.47 

11.53 

Liebig, 

88.7 

11.3 

Muriate  of  morphia  . . 
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321 
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Nitrate  of  Morphia  (Mor  + TZ7)  is  formed  by  dissolving  morphia 
in  very  dilute  nitric  acid.  It  yields  stellated  groups  of  crystals,  soluble 
in  1.5  of  water. 

Phosphate  of  Morphia  (Mor  -\-P 0 crystallizes  in  cubes. 

Acetate  of  Morphia  (Mor  + ZZC7)  is  frequently  formed  for  medical 
use  by  dissolving  a given  weight  of  morphia  in  a sufficient  quantity  of 
distilled  vinegar.  It  crystallizes  difficultly  in  acicular  bundles.  During 
evaporation  it  easily  parts  with  a portion  of  its  acid,  and  is  apt  to  be  of 
uncertain  composition,  hence  it  is  less  appropriate  for  medical  use  than 
the  muriate  or  sulphate. 

2. — Codeia.  This  alkaloid  was  discovered  by  Robiquet,  in  1832,  in 
the  muriate  of  morphia  prepared  by  Gregory  and  Robertson’s  process. 
(Arm.  de  Chim.  el  Phys .,  li.  259.)  On  dissolving  the  mixed  muriates  in 
water,  and  precipitating  the  morphia  by  ammonia,  the  codeia  remains,  as 
already  remarked,  in  solution,  and  crystallizes  by  subsequent  evaporation: 
it  may  be  separated,  as  above  stated,  by  ether.  According  to  Pelletier, 
100  pounds  of  opium  yield  0 ounces  of  codeia;  according  to  Ckristison, 
the  proportion  of  codeia  varies  in  the  varieties  of  opium  : amounting 
in  Turkey  opium  to  one-thirtieth,  and  in  East  Indian  opium  to  one-twelfth 
of  the  muriate  of  morphia  obtained  from  those  respective  varieties. 

Codeia  crytallizes  in  acicular,  or  flat  prisms,  colourless  and  transpa- 
rent. It  fuses  without  decomposition  when  heated  in  a tube  to  about 
300°,  and  the  mass  crystallizes  on  cooling.  In  the  air,  it  burns  away 
with  a smoky  flame.  Water,  at  60°,  dissolves  1.26  per  cent.:  at  110°, 
3.7,  and  at  212°,  5.9  per  cent.  When  it  is  present  in  larger  proportions 
than  the  water  can  dissolve,  the  excess  fuses,  and  remains  at  the  bottom 
of  the  solution.  Its  solution  is  sensibly  alkaline  to  tests.  Codeia  is 
soluble  in  the  dilute  acids,  and  forms  distinct  and  easily-crystallizable 
salts.  Its  medicinal  action  has  not  been  accurately  determined.  It  is 
distinguished  from  morphia  by  its  greater  solubility  in  water,  by  its 
insolubility'  in  fixed  alkalis,  by  its  not  being  reddened  by  nitric  acid,  nor 
blued  by  perchloride  of  iron. 

Codeia  is  represented  by  (31  COLT  + 20  II  + 5 O + 71)  its  equivalent  being 


; or 

Carbon  .... 

31 

186 

71.6 

Ilobiquet. 

72.0 

Hydrogen  . . . 

20 

20 

7-7 

7-5 

Oxygen  .... 

5 

40 

i 5.4 

15.1 

Nitrogen  .... 

1 

14 

5.3 

. . 5.4 

Anhydrous  codeia  . 

1 

260 

100.0 

100.0 

Crystallized  codeia  includes  2 

atoms  of 

water,  its  symbol  therefor 

is,  (Cod+ 2^)  and  its  equivalent  278.  (260  + 18.)  The  only  salt  of 
codeia  which  has  been  analyzed,  is  the  muriate , it  is  anhydrous,  and 
consists  of  260  codeia  + 37  muriatic  acid,  its  equivalent  being  297,  and 
its  abbreviated  symbol  (Cod 

3.  Narceia.  This  alkaloid,  discovered  by  Pelletier  in  1832,  was 
obtained  as  follows : (Ann.  de  Chim.  et  Phys .,  l.  262.)  A11  infusion  of 

Turkey  opium  was  filtered  and  very  carefully  evaporated  till  it  left  a solid 
extract,  which,  redissolved  in  distilled  water,  left  a large  portion  of  crys- 
tallized narcotina ; this  being  separated,  the  liquid  was  heated  to  212°, 
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and  a slight  excess  of  ammonia  added  to  throw  down  morphia,  after 
which  the  ebullition  was  continued  for  10  minutes  to  drive  off  ammonia: 
on  cooling,  the  morphia  crystallized,  not  pure,  but  mixed  with  narcotina 
and  meconia.  After  having  thus  separated  the  greater  part  of  the  morphia 
by  ammonia,  the  residuary  liquor  was  reduced  to  half  its  original  bulk  by 
evaporation,  and  on  cooling,  morphia  was  again  deposited,  which  being 
removed,  baryta-water  was  added  to  the  liquor,  by  which  meconate  of 
baryta  was  thrown  down  and  separated  by  filtration.  Subcarbonate  of 
ammonia  was  then  added  to  the  filtered  liquor  to  separate  the  remaining 
baryta,  and  heat  applied,  to  drive  off  the  excess  of  the  subcarbonate  of 
ammonia.  The  liquor  was  then  filtered,  evaporated  to  the  consistence  of 
thick  syrup,  and  left  for  several  days  in  a cool  place,  when  it  formed  a 
pulpy  mass  including  crystals:  this  was  suffered  to  drain,  dried  by  strong 
pressure  in  linen,  and  digested  in  boiling  alcohol:  the  alcoholic  solution,  re- 
duced to  a small  bulk  by  distillation,  furnished  on  cooling  a crystalline  sub- 
stance : this,  purified  by  repeated  solutions  and  crystallization,  is  Narceia. 

Pure  narceia  forms  white  silky  crystals,  or  acicular  prisms,  inodorous, 
bitterish  and  slightly  pungent,  soluble  in  375  parts  of  cold  and  in  230  of 
boiling  water;  soluble  in  alcohol  but  not  in  ether ; fusible  at  about  198°, 
and  concreting  into  a white  translucent  and  somewhat  crystalline  mass; 
it  becomes  yellow  at  220°,  and  at  higher  temperatures  is  decomposed:  it 
is  more  fusible  than  morphia  or  narcotina.  It  is  decomposed  by  the 
stronger  acids,  but  when  diluted  they  dissolve  and  combine  with  it,  pro- 
ducing at  first  a blue  colour,  which  passes  into  purple  or  red,  and  then 
disappears.  Narceia  appears  to  consist  of  Ptj]] 
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Hydrogen  .... 
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Nitrogen  .... 

1 

• • 

14 
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Anhydrous  narceia 

. 1 

354 
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4.  Meconia.  This  substance  was  discovered  by  Dublanc  and  Couerbe 
{Ann.  de  Chim.  el  Phys .,  l.)  They  obtained  it  by  digesting  opium  in 
cold  water,  filtering  the  infusion,  concentrating  it  by  evaporation,  and 
adding  ammonia  as  long  as  it  occasions  a precipitate:  after  some  days  the 
supernatant  liquid  is  poured  off,  gently  evaporated  to  the  consistence  of 
syrup,  and  left  in  a cool  place  for  15  or  20  days,  when  it  deposits  granular 
crystals,  which  are  collected,  drained,  pressed,  and  dried  by  a gentle 
heat:  they  contain  meconia,  narceia,  and  other  substances:  they  are 
boiled  in  alcohol,  and  the  solution  is  evaporated  to  about  one-third  its 
bulk,  when  on  cooling  it  deposits  crystals,  which  are  collected,  dissolved 
in  boiling  wrater,  and  filtered  with  animal  charcoal;  white  crystals  are 
obtained  of  meconia  and  narceia;  ether  dissolves  the  former,  and  leaves  the 
latter;  on  evaporating  the  ethereal  solution  the  meconia  remains.  (This  is 
only  an  outline  of  the  essential  parts  of  the  process  : the  details  of  mani- 
pulation are  omitted,  but  they  wrill  suggest  themselves  to  the  practical 
operator.  The  quantity  of  meconia  in  opium  is  so  small,  that  from  15  to 
20  lbs.  must  be  operated  upon  satisfactorily  to  extract  it.) 

Meconia  is  white,  inodorous,  slightly  acrid  on  the  tongue,  soluble  in 
water,  alcohol,  and  ether,  and  crystallizable : it  fuses  at  195°,  and  at  about 
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350°,  it  distils  over  unaltered,  and  concretes  into  a white  mass  looking 
like  fat.  It  forms  a colourless  solution  in  sulphuric  acid  diluted  with 
half  its  weight  of  water,  but  on  applying  heat  to  this  solution  it  becomes 
green  and  is  decomposed.  Nitric  acid  dissolves  it,  and  converts  it  into 
a peculiar  crystallizahle  product.  It  is  decomposed  by  chlorine. 

The  nature  of  this  substance  has  been  hitherto  very  imperfectly  ascer- 
tained : according  to  Couerbe  it  contains  no  nitrogen,  but  consists  of 
{vCCLV  4-  4 h-\-  4 0)  — 82:  or  per  cent,  60.23  carbon,  4.74  hydrogen,  35.03 
oxygen. 

5.  Thebaia.  This  crystalline  substance,  discovered  also  by  Couerbe, 
requires,  like  the  former,  further  examination;  it  exists  in  opium  in  small 
proportion  only,  and  can  only  be  obtained,  therefore,  by  those  who  have 
an  opportunity  of  operating  upon  large  quantities.  Thebaia  is  represented 
as  eminently  alkaline,  and  as  forming  distinct  salts  by  solution  in  the 
dilute  acids.  It  is  converted  into  a resinous  product  by  the  stronger  acids, 
and  is  soluble  in  alcohol  and  ether. 


6.  Narcotina.  This  wrell  -defined  and  distinct  principle  was  dis- 
covered in  1804  by  Derosne  {Ann.  de  Chim .,  xlv.  257-)  Its  peculiarities 
were  first  pointed  out  by  Robiquet  in  1817  {Ann.  de  Chim.  et  Phys .,  v., 
and  li.,  275.)  Its  alkaline  characters  are  not  very  distinct,  but  the  com- 
pounds which  it  forms  with  the  acids,  and  its  ultimate  composition,  place 
it  among  the  alkaloids.  It  is  contained  in  some  kinds  of  opium,  espe- 
cially in  that  recently  imported  under  the  name  of  Egyptian  opium , in  a 
proportion  nearly,  if  not  quite,  equal  to  that  of  the  morphia.  The  effects 
of  this  substance  upon  the  animal  economy  have  not  been  very  satisfac- 
torily ascertained,  but  there  can  be  little  doubt  that  they  are  perfectly 
distinct  from  those  of  morphia,  and  that  opium  deprived  of  narcotina,  is 
more  directly  sedative,  and  less  stimulating;  hence  the  important  uses  of  the 
salts  of  morphia  in  preference  to  opium,  and  the  advantage  of  using  opium, 
in  many  instances  at  least,  from  which  the  narcotina  has  been  abstracted. 

Narcotina  may  be  obtained  from  powdered  opium  by  digesting  it  in 
warm  ether,  which  takes  up  little  else  than  narcotina,  and  yields  it  in 
crystals.  When  caustic  potassa  is  added  to  an  aqueous  solution  Af  opium, 
so  as  just  to  saturate  the  free  acid,  the  matter  which  falls  consists  chiefly 
of  resin  and  narcotina.  When  all  the  soluble  parts  of  opium  have  been 
extracted  by  water,  the  residue,  digested  in  dilute  muriatic  acid,  also 
yields  narcotina  Other  means  of  obtaining  narcotina  and  of  separating 
it  from  morphia,  will  be  evident,  from  the  account  of  that  alkaloid.  Dr. 
Robertson’s  method  consists  in  boiling  the  impure  morphia  in  water,  and 
adding  muriate  of  ammonia,  as  long  as  ammonia  is  evolved  in  consequence 
of  the  decomposition  of  that  salt  by  the  morphia,  at  a boiling  heat ; the 
muriate  of  morphia  so  formed  is  dissolved,  and  the  narcotina  remains. 

Narcotina  is  deposited  from  its  alcoholic  or  ethereal  solution  in  wrell- 
defined  crystals,  insoluble  in  cold,  and  very  sparingly  soluble  in  hot  water-- 
soluble in  the  fat  oils;  not  bitter ; and  yielding  no  blue  colour  with  pre- 
chloride of  iron:  it  is  readily  soluble  in  dilute  acids,  and  yields  salts 


* For  beautiful  specimens  of  the  prin- 
cipal products  of  opium,  and  for  much 
useful  information  respecting  these  and 


the  other  alkaloids,  I anTmuch  indebted 
to  Mr.  Morson  of  Southampton-row,  Avlio 
prepares  them  upon  an  extensive  scale. 
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which  have  been  but  imperfectly  examined : they  are  very  bitter,  and 
difficultly  obtained  in  the  crystalline  state,  for  when  evaporated  they 
are  mostly  decomposed  into  acid  and  narcotina,  and  crystals  of  the  latter 
only  separate.  This  is  especially  the  case  with  the  acetate  of  narcotina, 
and  furnishes  a means  of  separating  it  from  morphia,  for  the  latter  sub- 
stance is  retained  in  permanent  combination  and  solution.  Narcotina 
absorbs  muriatic  acid  gas,  and  is  extremely  soluble  in  muriatic  acid, 
yielding  a salt  which  is  best  obtained  by  carefully  evaporating  the 
muriatic  solution  of  narcotina  to  dryness  and  redissolving  in  alcohol,  from 
which  solution  the  crystallized  muriate  of  narcotina  may  be  obtained:  it 
consists,  according  to  Robiquet  of  91.1  narcotina  + 8.9  muriatic  acid. 
According  to  Liebig  narcotina  consists  of  (ro  CGLT  + 20  h -f  12  O + TV)  — 
370  or 
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7.  Meconic  Acid.  The  existence  of  a distinct  acid  in  opium  was 
announced  by  Seguin  in  1804  (Ann.  de  Chim .,  xcii.  225)  and  shortly 
afterwards  by  Sertuerner,  who  gave  it  the  above  name  (from  poppy) 

(Ann.  de  Chim.  et  Phys .,  v.,  21.)  It  may  be  most  conveniently  extracted 
from  the  precipitate  obtained  by  adding  chloride  of  calcium  to  infusion  of 
opium,  in  the  process  for  procuring  morphia,  (p.  1016.)  This  precipitate  is 
washed  first  with  water,  and  then  with  hot  alcohol,  and  mixed  with  10 
times  its  weight  of  water,  at  195°,  and  muriatic  acid  is  gradually  added, 
so  as  to  dissolve  the  meconate  of  lime  (which  forms  the  bulk  of  the  pre- 
cipitate) and  leave  the  sulphate  of  lime;  the  solution  is  filtered,  and  on 
cooling  deposits  crystals  of  bimeconate  of  lime:  these  are  again  dissolved 
in  hot  dilute  muriatic  acid,  by  which  the  lime  is  abstracted,  and  crystals 
of  meconic  acid  obtained,  which,  if  pure,  should  leave  no  residue  when 
burned : they  must  be  redissolved  in  the  acid,  and  recrystallized,  till  they 
are  obtained  in  this  state,  but  care  must  be  taken  to  keep  the  temperature  of 
their  solutions  below  212°.  To  abstract  the  whole  of  the  colouring-matter 
from  this  acid,  it  must  be  saturated  by  a weak  solution  of  caustic  potassa, 
and  the  meconate  of  potassa  dissolved  by  the  aid  of  gentle  heat  in  a little 
water:  when  cold,  the  fluid  part,  which  retains  the  colour,  must  be  pressed 
out  of  the  crystals,  and  these,  decomposed  as  before  by  muriatic  acid, 
ultimately  yield  the  meconic  acid  in  small  white  crystals,  which  must  be 
dried  at  a temperature  below  1 00°. 

Meconic  acid  crystallizes  in  transparent  and  micaceous  scales  of  an 
acid  taste,  soluble  in  4 parts  of  hot  water,  and  in  alcohol.  The  crystals 
are  permanent  in  the  air,  but  when  heated  to  212°  they  lose  21.5  per 
cent,  of  water:  they  then  sustain  a temperature  of  240°  without  decom- 
position; but  if  boiled  in  water,  carbonic  acid  is  evolved,  the  solution 
becomes  brown,  and  metameconic  acid  is  formed. 

Meconic  acid  consists,  according  to  Liebig,  (Ann.  de  Chim.,  liv.,  26,) 
of  (?  car  + 2 h + ? O),  its  equivalent  being  = 100,  or 
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Carbon 7 

Hydrogen  ....  2 

Oxygen  .....  7 

Meconic  acid  ...  1 


42  . . 42.40 

2 . . 1.98 

50  . . 55.50 


100  100.00 


Meconates.  The  meconic  acid  forms  neutral,  acid,  and  subsalts  : the 
bimeconates  are  difficult  of  decomposition.  One  of  the  leading  charac- 
ters of  this  acid  and  of  its  salts,  is  that  of  forming  compounds  with  the 
peroxide  of  iron  of  an  intensely  red  colour,  very  similar  to  that  of  the 
sulphocyanate  of  iron ; so  that  the  persalts  of  iron  are  excellent  tests  of 
its  presence,  and  by  them  opium  may  sometimes  be  recognised,  where  the 
quantity  is  so  small  as  to  render  the  morphia  very  difficult  of  detection. 
This  red  colour  is  destroyed  by  heat,  and  by  sulphurous  acid  and  proto- 
chloride of  tin ; but  it  returns  on  exposure  to  air,  or  on  the  addition  of  a 
few  drops  of  nitric  acid. 

The  meconates  of  ammonia  and  of  potassa  become  less  soluble  ,by 
excess  of  acid ; the  meconates  of  lime,  baryta,  strontia,  and  lead,  are 
rendered  more  soluble  by  excess  of  acid ; when  neutral,  they  are  insoluble, 
or  nearly  so,  in  water ; but  soluble  in  nitric  acid.  The  meconate  of  lead 
may  be  decomposed  by  sulphuretted  hydrogen.  The  meconale  of  silver 
(Ag  -\-TfieC1)  is  thrown  dowm  in  the  form  of  a white  powder,  when 
nitrate  of  silver  is  dropped  into  a solution  of  meconic  acid : if  the  pre- 
cipitate be  redissolved  by  the  addition  of  nitric  acid,  and  the  mixture 
heated,  cyanuret  of  silver  is  produced  : the  liquid,  originally  transparent, 
becomes  opaque  from  the  formation  of  the  cyanuret,  and  when  this  is 
deposited,  oxalate  of  silver  is  found  in  the  supernatant  liquid,  which  may 
be  thrown  down  by  the  cautious  addition  of  ammonia : excess  of  nitric 
acid  converts  the  whole  into  oxalate,  without  any  formation  of  cyanuret. 
(Liebig.) 

8.  Metameconic  Acid.  When  an  aqueous  solution  of  meconic  acid 
is  boiled,  it  is  converted  into  metameconic  acid  and  carbonic  acid : the 
acid  at  the  same  time  becomes  discoloured ; so  that  pure  and  colourless 
metameconic  acid  is  best  obtained  by  decomposing  meconate  of  potassa 
or  of  lime,  at  a boiling  heat , by  muriatic  acid ; it  is  then  less  coloured, 
and  may  be  obtained  colourless  by  the  help  of  animal  charcoal. 

Metameconic  acid  is  less  soluble  than  the  meconic ; it  forms  hard 
crystalline  grains,  requiring  16  parts  of  hot  water  for  solution.  It  red- 
dens the  persalts  of  iron ; and  is  converted  into  oxalic  acid  by  nitric  acid. 
The  neutral  metameconates  of  ammonia  and  potassa  are  difficultly  solu- 
ble in  water : excess  of  acid  renders  them  more  soluble. 

Metameconic  acid  is  anhydrous,  and  consists,  according  to  Liebig,  of 
(12  COLT  + 4 Jl  10  O),  its  equivalent  being  156,  or 


Carbon 12  . . 72  . . 40.1  . . 4G.62 

Hydrogen 4 . . 4 . . 2.7  . . 2.53 

Oxygen 10  . . 80  . . 51.2  . . 50.85 


Anhydrous  metameconic  acid  .1  158  100.0  100.00 

Hence  2 atoms  of  meconic  acid  = 2 (7  CdT  -f  2 A + 7 O),  yield  1 atom 
of  metameconic  acid  — (12  CdT  + 4 fl  -f-  10  O),  and  2 atoms  of  carbonic 
acid  = 2 {CdT  + 2 O),  and  this  represents  the  change  which  the  meconic 
acid  suffers  when  boiled  with  ivater. 
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9.  Pyromeconic  Actd.  This  acid  is  among  the  products  of  the 
destructive  distillation  of  the  meconic  acid ; it  is  a crystalline  sublimate, 
which  fuses  at  a temperature  of  about  250°.  It  is  volatile,  soluble  in 
Avater  and  alcohol,  reddens  the  persalts  of  iron,  and  forms  many  soluble 
salts.  This  acid,  AAdien  anhydrous,  appears  to  he  constituted  of  (lo  COLT 
+ 3 A -f  5 O)  - 1 03.  The  neutral  pyromeconate  of  lead  consists  of 


Pyromeconic  acid 
Oxide  of  lead  . . 

• ••••  1 • • 

103  . . 
112  . . 

47.0 

52.1 

Liebig. 

. . 48.3 
. . 51.7 

Anhydrous  pyromeconate  of  lead  1 

215 

100.0 

100.0 

Dumas  observes, 

that  the  hydrated 

pyromeconic 

acid, 

consisting  of 

1 atom  of  the  anhydrous  acid  and  1 of  water,  is  isomeric  A\Titli  the  anhy- 
drous pyrocitric,  and  Avith  the  hydrated  pyromucic  acid. 

II.  Cinchonia.  Quinia.  Aricina.  Cinciionic  Acid.  The  exist- 
ence of  a peculiar  principle  in  pale  Peruvian  bark , (the  bark  of  the 
Cinchona  Condaminea  or  lancifolia ,)  vvras  originally  suggested  by  the  late 
Dr.  Duncan ; he  considered  it  as  the  source  of  its  medicinal  powers,  and 
proposed  to  call  it  Cinchonine : it  Avas  afterwards  procured  in  a crystal- 
line form  by  Dr,  Gomes  of  Lisbon ; but  its  peculiar  alkaloid  properties, 
and  ready  and  certain  methods  of  preparing  it,  Avere  first  made  knoAvn  by 
Pelletier  and  Caventou,  in  1820.  ( Ann . de  Chun,  cl  Phys .,  xv.,  291 
and  337.)  They  also  discoArered  another  analogous  but  distinct  principle 
in  Yellow  Peruvian  Bark  ( Cinchona  cord  folia),  which  has  been  termed 
Quinia ; and  in  the  Red  Peruvian  Bark  ( Cinchona  oblong  folia),  they 
found  the  tivo  preceding  alkaloids,  nearly  in  equal  proportions.  In  1829, 
Pelletier  and  Coriol  discovered  a third  alkaloid  in  a species  of  bark  from 
Arica,  the  botanical  history  of  which  is  not  knoAvn,  but  Avhich  they  have 
termed  Aricina *. 

1.  Cinchonia.  This  alkaloid  may  be  obtained  from  pale  Peruvian 
bark  t,  by  the  folloAving  process.  A pound  of  the  bruised  bark  ( Cinchona 
lancifolia  of  the  Pharmacopoeia)  is  boiled  in  about  a gallon  of  A\Tater, 
acidulated  by  three  fluid  drachms  of  sulphuric  acid.  A similar  decoction 
is  repeated  with  about  half  the  quantity  of  liquid,  and  so  on,  till  all  the 
soluble  matter  is  extracted.  The  decoctions  are  then  mixed  and  strained, 
and  poAvdered  lime  added,  in  a proportion  somewhat  greater  than  neces- 
sary to  saturate  the  acid : the  precipitate  that  ensues  (a  mixture  chiefly 
of  cinchonia  and  sulphate  of  lime)  is  collected,  carefully  dried,  and  boiled 
for  some  minutes  in  strong  alcohol,  Avhich  is  then  decanted  off,  AAdiile 
hot,  and  fresh  portions  are  successively  added  for  the  repetition  of  the  same 
operation,  until  it  ceases  to  act  upon  the  residue,  Avhich  is  noAv  little  else 
than  sulphate  of  lime.  The  different  alcoholic  solutions  are  then  put  into 


* The  French  chemists  designate 
these  bases  by  the  termination  me,  mor- 
phine, quinine,  &c.  As  far  as  possible 
we  are  in  the  habit  of  distinguishing 
salifiable  bases  by  the  termination  a,  hence 
our  terms  morphia,  quinia,  cinchonia,  &c. 

f The  varieties  of  Peruvian  bark  have 
been  examined  by  MM.  Pelletier  and 


CaArentou.  In  the  Cinchona  lancifolia,  or 
pale  bark,  they  found  the  following  con- 
stituent parts : — I . Cinchonia,  combined 
with  kinic  (or  cinchonic)  acid.  2.  Green 
fatty  matter.  3.  Red  and  yellow  co- 
louring-matter. 4.  Tannin.  5.  Kinate 
(or  cinchonate)  of  lime.  0.  Gum.  7« 
Starch.  8.  Lignin. 
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a retort  or  still,  and  considerably  evaporated ; during  which,  and  especially 
on  cooling,  cinchonia  is  deposited.  When  the  whole  is  thus  collected, 
the  cinchonia  must  be  redissolved  in  alcohol,  and  crystallized  by  its  slow 
evaporation.  It  may  be  deprived  of  colour  and  slight  impurities  by  the 
action  of  animal  charcoal,  and  two  or  more  crystallizations.  In  the  pre- 
ceding process  muriatic  acid  may  be  used  instead  of  sulphuric,  in  which 
case  the  precipitate  is  not  encumbered  with  sulphate  of  lime. 

Cinchonia  is  thus  obtained  in  the  form  of  white  semitransparent 
crystals,  requiring  about  2500  parts  of  water,  at  212°,  for  their  solu- 
tion, and  are  almost  insoluble  in  cold  water.  They  have  little  taste,  but 
become  intensely  bitter  upon  the  addition  of  almost  any  acid.  They 
restore  the  blue  colour  of  reddened  litmus.  They  are  sparingly  soluble 
in  cold  alcohol,  ether,  and  fixed  oils;  but  abundantly  soluble  in  boiling 
alcohol,  and  the  solution  deposits  crystals  on  cooling,  and  becomes  milky 
when  dropped  into  water. 

When  cinchonia  is  heated  in  a small  tube-retort,  ammonia  is  evolved, 
recognised  by  its  odour,  action  upon  turmeric,  and  upon  a glass  rod 
moistened  with  muriatic  acid : the  odour  of  hydrocyanic  acid  may  also 
be  perceived ; an  oily  matter,  smelling  like  naphtha,  distils  over,  and  an 
abundant  carbonaceous  residue  remains.  The  most  remarkable  circum- 
stance attending  this  decomposition  (provided  the  cinchonia  be  pure,  and 
air  carefully  excluded),  is  the  absence  of  aqueous  vapour,  even  when  the 
products  were  made  to  pass  through  a cooled  tube.  This  led  me  to 
suspect  the  absence  of  oxygen  in  cinchonia  ( Quarterly  Journal , xvi.)  ; 
an  opinion  corroborated  by  its  want  of  action  upon  potassium  when 
heated  with  that  metal  in  naphtha : the  cinchonia,  under  these  circum- 
stances, readily  dissolves  in  boiling  naphtha,  and  again  entirely  separates 
as  the  solution  cools,  concreting  into  a radiated  crystallized  mass,  in  which 
the  brilliant  globules  of  potassium  are  disseminated.  The  experiments 
which  I made  to  determine  the  ultimate  components  of  cinchonia,  led  me 
to  regard  it  as  a ternary  compound  of  79.3  per  cent,  carbon,  7.1  hydrogen, 
and  13.6  nitrogen,  and  I represented  it  as  a base , of  which  certain  other 
alkaloids  might  possibly  be  oxides : but  the  subsequent,  and  probably 
more  accurate  researches  of  Pelletier  and  Dumas  have  shown  that  it  con- 
sists of  (20  CCLT  + 11  h -J-  0 + %),  its  apparent  equivalent  being  153:  or 

Dumas 


and  Pelletier. 

Braude. 

Carbon  . 

. . 20 

120 

. . 78.5 

. . 78.67  . . 

79.3 

Hydrogen 

. . 11 

11 

. . 7.2 

. . 7*06  . . 

7.1 

Oxygen  . 

. . 1 . . 

8 

. . 5.2 

• • 5. 16  • c 

0.0 

Nitrogen 

i . . 

14 

9.1 

9.11  . . 

13.6 

Cinchonia 

. . I 

153 

100.0 

100.00 

100.0 

The  salts  of  cinchonia  have  been  examined  by  Baup  (Ann.  de  Ch.  et  Phys ., 
xxvii.,  323),  and  by  Pelletier,  Caventou,  and  Dumas  (/£.,  xv.  and  xxiv.) 

Sulphate  of  Cinchonia.  There  is  a subsulphate  or  disulphate,  and 
a neutral  sulphate  of  this  base.  The  neutral  sulphate , obtained  by  dis- 
solving cinchonia  in  excess  of  dilute  sulphuric  acid,  and  evaporating  till 
a pellicle  forms,  crystallizes  in  rhomboidal  octoedra,  which  become  opaque, 
and  are  efflorescent,  soluble  in  less  than  their  weight  of  water  at  60°,  and 
in  alcohol,  but  not  in  ether.  They  consist  of  (Cin  -f  Sf  -f-  4 or 
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Baup. 

Cinchonia I . . 154  . . G6.7  ..  G7.241 

Sulphuric  acid 1 . . 40  . . 17-6  . . 17.241 

Water 4 . . 3G  . . 15.7  . . 15.518 


Crystallized  sulphate  of  cinchonia  1 230  100.0  100.000 


Subsulpiiate,  or  Disulphate  of  Cinchonia.  This  salt  requires 
between  50  and  60  parts  of  water  at  60°  for  its  solution : it  is  obtained 
by  digesting  excess  of  cinchonia  in  the  dilute  acid : it  forms  rhomboidal 
prisms  rr  (a  Cin  + S'  + 2 <7),  or  composed  0f 


Baup 

Cinchonia 2 . . 308  , . 84.41 

Sulphuric  acid 1 . . 40  . . 10.91 

Water 2 , . 18  . . 4.G8 


Crystallized  disulphate  of  cinchonia  . 1 3GG  100.00 


Muriate  of  Cinchonia.  (Cin  + 7YIUT1.)  Anhydrous  cinchonia 
absorbs  muriatic  acid  gas,  and  produces  a neutral  muriate,  composed, 


according  to  Liebig,  of 

Cinchonia 1 

. . 154  . . 

80.4 

Liebig. 

81 

Muriatic  acid  ....  1 

37 

19.6  . . 

19 

Muriate  of  cinchonia  . 1 

191 

100.0 

100. 

Submuriate,  or  Dimuriate  of  Cinchonia.  (2 

Cin  + mur'.) 

When 

cinchonia  in  excess  is  digested  in  dilute  muriatic  acid,  a soluble  salt, 
forming  acicular  crystals,  is  obtained,  composed,  according  to  Pelletier 
and  Caventou,  of 


Cinchonia 
Muriatic  acid 


2 

1 


Dimuriate  of  cinchonia  l 


308 

• » 

89.1 

Pelletier 
and  Caventou. 

89.5 

37 

• « 

10.9 

10.5 

345 

100.0 

100.0 

Nitrate  of  Cinchonia.  (Cin +72/.)  When  very  dilute  nitric  acid  is 
saturated  by  cinchonia,  a portion  of  the  nitrate  formed  separates  in  the 
form  of  liquid  globules,  looking  like  oil,  which,  in  the  course  of  a few 
days,  become  groups  of  acicular  crystals.  This  property  belongs  also  to 
quinia,  and  may  serve  to  distinguish  these  from  other  alkaloids. 

Chlorate  of  Cjnchonia,  (Cin  + C7),  obtained  by  saturating  chloric 
acid  by  cinchonia,  forms  clusters  of  white  crystals.  When  heated,  they 
first  fuse  and  then  explode. 

Iodate  of  Cinchonia  forms  delicate  prismatic  crystals. 

Arseniate  of  Cinchonia  is  a very  soluble,  and  difficultly-crystal- 
lizable  salt. 

Gallate  of  Cinchonia  is  a difficultly-soluble  salt. 

Oxalate  of  Cinchonia.  The  neutral  oxalate  is  difficultly  soluble  in 
cold  water : it  is  rendered  more  soluble  by  excess  of  acid ; it  is  thrown 
down  when  oxalate  of  ammonia  is  added  to  a neutral  solution  of  a salt  of 
cinchonia,  in  the  form  of  a white  powder,  very  sparingly  soluble  in  hot 
water:  this  salt  is  soluble  in  hot  alcohol,  and  part  separates  as  the  solu- 
tion cools. 

Acetate  of  Cinchonia.  Acetic  acid  dissolves  cinchonia : the  solu- 
tion is  always  acid  ; when  evaporated  it  lets  fall  small  crystals  on  cooling, 
which  are  neutral  and  difficultly  soluble.  When,  on  the  contrary,  the 

3 u 
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solution  is  evaporated  to  dryness,  a gum-like  mass  is  obtained,  which  is 
resolved  by  cold  water  into  a soluble  superacetate,  and  an  insoluble 
subacetate. 

Carbonate  of  Cinchonia.  This  salt  is  said  to  be  precipitated  from 
the  solutions  of  cinchonia  by  carbonated  alkalis,  and  moist  cinchonia  is 
stated  to  absorb  carbonic  acid  from  the  air,  and  then  to  effervesce  when 
dissolved  in  acids. 


2.  Quinia.  Quinia  is  obtained  from  yelloiv  baric  by  a process  pre- 
cisely similar  to  that  for  procuring  cinchonia  from  pale  bark.  But,  as 
sulphate  of  quinia  is  abundantly  prepared  for  medical  use,  that  salt  is  a 
more  ready  source  of  the  alkaloid:  it  is  obtained  by  adding  ammonia  to 
a solution  of  the  sulphate,  when  it  falls  in  white  flakes,  which  are  apt,  on 
drying,  to  become  brown.  Quinia  is  very  difficult  of  crystallization,  but 
it  has  been  obtained  in  that  form  by  very  sloAvly  evaporating  its  alcoholic 
solution  by  exposure  to  cold  dry  air.  It  may  also  be  crystallized,  according 
to  Henri  and  Delondre  ( Jour . cle  Pharm .,  xx.,  157))  by  dissolving  pure 
and  crystallized  sulphate  of  quinia  in  a large  quantity  of  water,  decom- 
posing it  by  ammonia,  washing  the  precipitate,  dissolving  it  in  weak 
alcohol,  and  adding  water  to  the  solution  till  it  becomes  milky : it  is  then 
left  for  some  days  exposed  to  the  air,  when  portions  of  the  separated  quinia, 
which  at  first  resembled  fluid  resin,  gradually  become  crystalline,  forming 
radiated  and  acicular  groups,  which  are  efflorescent.  These  crystals  are 
hydrate  of  quinia ; when  heated  they  first  soften,  then  become  white  and 
pulverulent,  and,  when  fused,  lose  water;  the  fused  quinia  concretes  into 
a resin-like  mass,  which,  if  cooled  very  slowly,  shows  signs  of  crystalliza- 
tion, and  becomes  negatively  electric  by  friction:  in  water  it  gradually 
returns  to  the  state  of  hydrate. 

Quinia  has  a decided  alkaline  action  upon  proper  tests ; it  is  intensely 
bitter;  very  sparingly  soluble,  even  in  boiling  water;  readily  soluble  in 
boiling  alcohol,  which,  when  evaporated,  leaves  it  in  the  form  of  a viscid 
mass:  it  is  more  soluble  than  cinchonia  in  ether.  It  forms  distinct  salts 
with  the  acids*.  When  heated  in  a tube  it  fuses,  becomes  thick,  viscid, 
and  dark-coloured,  an  oily  liquid  evaporates,  ammoniacal  and  hydrocyanic 
vapours  follow,  and  a bulky  carbonaceous  matter  remains. 

Anhydrous  quinia  consists  of  ( 20  COLT  + 12  h -f  2 O + 71 ) = 162;  or, 

Pelletier 


and  Liebig. 

Giibel. 

Brand e f 

Carbon  .... 

20  . 

..  120 

...  74.0 

...  74.39  •• 

..  72.28 

...  73.80 

Hydrogen 

12  . 

..  12 

...  7.4 

7.25  .. 

8.33 

7.65 

Oxygen  .... 

2 . 

..  16 

9.9 

9.74  .. 

. 11.10 

5.55 

Nitrogen  . . . 

1 . 

..  14 

...  8.7 

8.62  .. 

8.29 

...  13.00 

Anhydrous  Quinia 

1 

162 

100.0 

100.00 

100.00 

100.00 

* When  quinia  is  obtained  from  the 
common  varieties  of  yellow  bark,  it  al- 
most always  contains  more  or  less  cin- 
chonia : these  alkaloids  may  be  separated 
by  solution  in  alcohol,  which,  when  duly 
evaporated,  deposits  the  cinchonia  in 
crystals,  while  the  quinia,  being  more 
soluble,  remains  in  solution : by  one  or 
more  repetitions  of  this  process  it  may 


be  freed  from  cinchonia:  or  they  may  be 
converted  into  sulphates , and  then,  the 
sulphate  of  quinia,  being  less  soluble 
than  the  sulphate  of  cinchonia,  crys- 
tallizes, and  leaves  the  latter  salt  in 
solution. 

-f-  I insert  my  own  analyses  here,  be- 
cause they  were  made  with  much  care 
at  the  time,  and  are  singularly  consistent 
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Sulphate  of  Quinta.  This  salt  has  excited  great  attention  on 
account  of  its  medicinal  importance;  its  manufacture  is  chiefly  carried  on 
in  Paris*,  though  large  quantities  of  it  have  occasionally  been  prepared 
in  this  country.  The  quinia  is  obtained  from  yellow  bark,  and  dissolved 
in  dilute  sulphuric  acid:  the  first  crops  of  the  salt  are  decoloured  by 
animal  charcoal;  it  is  again  crystallized,  and  very  carefully  dried:  this 
operation  requires  care,  for  if  the  desiccation  is  carried  too  far,  the  salt 
loses  its  crystalline  character,  and  crumbles  down  into  powder. 

The  sulphate  of  quinia , as  it  occurs  in  commerce,  is  at  present 
regarded  as  a subsalt,  or  a Disulpiiate,  and  is  such,  in  reference  to  the 
above  equivalent  of  quinia;  but  by  some,  an  equivalent  has  been  assumed 
which  represents  this  as  a neutral  sulphate. 

Disulpiiate  of  Quinia  forms  long  acicular  crystals,  efflorescent, 
intensely  bitter,  and  requiring  about  740  parts  of  cold,  and  30  parts  of 
boiling,  water,  for  their  solution.  They  are  soluble  in  24  parts  of  cold 
alcohol  (specific  gravity  850),  and  much  more  soluble  in  boiling  alcohol. 
This  salt  readily  fuses,  looking  at  first  like  melted  wax,  it  then  reddens, 
and  begins  to  be  decomposed;  in  the  air  it  burns,  producing  at  first  a 
bulky  charcoal,  which,  by  continued  heat,  is  consumed  without  residue; 
we  are  thus  enabled  to  discover  certain  adulterations  which  are  practised 
upon  it  T.  It  has  the  curious  property  of  becoming  luminous  when  heated 
to  about  21 2J;  its  phosphorescence  is  increased  by  friction,  and  electricity 
is,  at  the  same  time,  manifest. 

The  accurate  determination  of  the  composition  of  this  salt,  in  its 
various  states,  is  interesting  and  important;  upon  this  subject  there  is 
some  difference  in  the  statements  of  different  authors:  the  following,  as 
given  by  Dumas  and  Baup,  agrees  with  my  own  observations,  but  Liebig 

with  the  results  of  Pelletier,  Dumas,  and  by  a heat  of  212°,  should  lose  only  from 
Liebig,  as  far  as  the  carbon  and  hydrogen  8 to  10  per  cent,  of  water.  Sugar  may 
are  concerned ; in  respect  to  the  nitro-  be  detected  by  dissolving  the  suspected 
gen,  I cannot  account  for  the  discre-  salt  in  water,  and  adding  precisely  so 
pancy,  or  for  the  cause  of  the  probable  much  carbonate  of  potassa  as  will  pre- 
error in  my  own  experiments.  These  cipitate  the  quinia.  The  taste  of  the 
analyses,  which  were  published  in  the  sugar,  no  longer  obscured  by  the  bitter 
Quarterly  Journal , vol.  xvi.,  formed  part  of  the  quinia,  will  generally  be  perceived ; 
of  a paper  which  was  intended  for  the  and  it  may  be  separated  from  the  sul- 
Royal  Society,  and  in  which  I first  phate  of  potassa  by  evaporating  gently 
pointed  out  the  existence  of  nitrogen  as  to  dryness  and  dissolving  the  sugar  by 
a characteristic  element  of  the  alkaloids  boiling  alcohol.  Gum  and  starch  are 
then  known.  The  paper  was  not  read,  left  when  the  impure  sulphate  of  quinia 
and,  on  the  arrival  of  the  Annates  de  is  digested  in  strong  alcohol.  Ammo- 
Chimie , containing  Pelletier  and  Dumas’  niacal  salts  are  discovered  by  the  strong 
announcement  of  the  same  fact,  it  was  odour  of  ammonia,  which  may  be  ob- 
withdrawn  at  the  recommendation  of  served  when  the  sulphate  is  put  into  a 
the  President.  warm  solution  of  potassa.  Earthy  salts 

* 120,000  ounces  are  annually  export-  may  be  detected  by  burning  a portion  of 
ed  from  Paris.  (Dumas.)  the  sulphate.  Several  of  the  preceding 

■f  The  substances  commonly  employed  directions  are  taken  from  a paper  on  the 
for  the  adulteration  of  sulphate  of  quinia  subject  by  Mr.  Phillips.  {Phil.  Mag.  and 
are,  water,  sugar,  gum,  starch,  ammo-  Ann.,  iii.,  Ill,  and  Turner’s  Elements.') 
niacal  salts,  and  earthy  salts,  such  as  j According  to  Dumas,  margaric  acid  is 
sulphate  of  lime  and  magnesia,  or  acetate  sometimes  mixed  with  sulphate  of  quinia ; 
of  lime.  Pure  sulphate  of  qiiinia,  when  it  is  detected  by  its  insolubility  in  dilute 
deprived  of  its  water  of  crystallization  muriatic  acid. 
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does  not  admit  the  existence  of  an  anhydrous  basic  sulphate,  which  ought 


to  consist  of 

Baup. 

Quinia  ....... 

2 

324 

89 

89.1 

Sulphuric  acid 

1 

40 

11 

10.9 

Anhydrous  disulphate  of  quinia 

I 

3G4 

100 

100.0 

The  ordinary  sulphate  of  quinia, 

or  the 

crystallized  d is u Iph ate , 

consists  of 

Dumas. 

Quinia  ....... 

2 

324 

74.3 

74.6 

Sulphuric  acid 

1 

40 

9.1 

9.1 

W ater 

8 

72 

16.6 

16.3 

Crystallized  disulphate  of  quinia 

1 

436 

100.0 

100.0 

When  the  salt  effloresces,  or  when  dried  at  212°,  it  loses  4 atoms  of 
its  water,  and  when  dried  at  240°  it  loses  0 atoms,  retaining  2,  which, 
according  to  Baup,  may  be  expelled  by  a higher  temperature,  but  which 
are  retained,  according  to  Liebig,  till  the  salt  decomposes. 

When  the  disulphate  of  quinia  is  triturated  with  dilute  sulphuric 
acid,  it  first  forms  a white  magma,  which  afterwards  dissolves  on 
adding  more  of  the  acid,  and  on  evaporating  this  solution,  or,  if  con  - 
centrated, on  leaving  it  at  rest,  prismatic  crystals  of  the  neutral  sulphate 
(according  to  our  equivalent)  are  formed.  This  salt  is  much  more  soluble 
than  the  preceding,  and  at  212°  it  fuses  in  its  water  of  crystallization; 
when  dissolved  in  alcohol  its  solution  yields  crystals,  which  fall  to  powder 
on  exposure  to  air.  This  sulphate,  in  crystals,  is  composed,  according  to 
Dumas,  of 

Dumas. 


Quinia 1 

Sulphuric  acid  .....  1 

W ater 8 

Crystallized  sulphate  of  quinia  . 1 


162 

59.0 

59.4 

40 

14.6 

14.3 

72 

26.4 

26.3 

274 

100.0 

100.0 

The  various  sulphates  of  quinia,  therefore,  may  be  thus  represented  : 


Symbols.  Equivalents. 

1.  Anhydrous  disulpliate  . . — ( 2 Q ui  + Si)  . . . . 364 

2.  Crystallized  disulphate  . . — ( 2 Qui  + S / + 8 (f ) . . 436 

3.  Effloresced  disulphate  . . — ( 2 Qui  + S ' 4(f)  . . 400 

4.  Do.  dried  at  240°  . . = ( 2 Qui  + S'  + 2 (J)  . . 382 

5.  Anhydrous  sulphate  ...  = ( Qui  + S')  . . . . 202 

6.  Crystallized  sulphate  ...  = ( Qui  4-  S/Jr  . . 274 


Muriate  of  Quinia.  (Qui  + WAIVES)  When  dry  quinia  is  exposed 
to  a current  of  muriatic  acid  gas,  it  absorbs  18  per  cent.,  and  forms  a salt 
more  soluble  than  the  sulphate.  (Liebig.)  When  quinia  is  dissolved  in 
muriatic  acid,  the  solution  affords  nacreous  crystals,  on  evaporation,  which 
are  more  soluble  than  sulphate  of  quinia,  and  less  soluble  than  muriate 
of  cinchonia:  they  contain  about  7 per  cent,  of  muriatic  acid.  (Pelletier 
and  Caventou.)  Probably,  therefore,  there  are  two  muriates  of  quinia : 
regarding  Liebig’s  salt  as  anhydrous  it  would  consist  of 


Quinia 

. 1 

162 

81.5 

Liebig 

81.9 

Muriatic  acid  .... 

. 1 

37 

18.5 

18.1 

Anhydrous  muriate  of  quinia 

. 1 

199 

100.0 

100.0 

UU INI A. 


1029 


Nitrate  op  Quinia.  When  quinia  is  dissolved  in  diluted  nitric  acid, 
and  the  solution  evaporated,  the  nitrate  separates  in  the  form  of  an  oil- 
like liquid,  which  gradually  crystallizes.  (Pelletier,  Caventou,  Dumas.) 

Phosphate  of  Quinia  is  easily  crystallizable : it  forms  acicular 
prisms,  soluble  in  alcohol.  (Pelletier  and  Caventou.) 

Chlorate  of  Quinia,  formed  by  dissolving  quinia  in  chloric  acid, 
yields,  on  evaporation,  bundles  of  acicular  prisms,  which,  when  heated, 
fuse,  and  afterwards  explode.  (Dumas.) 

Iodate  of  Quinia  forms  silky  crystals.  (Dumas.) 

Arseniate  of  Quinia  much  resembles  the  appearance  of  the  phos- 
phate, but  its  crystals  are  less  nacreous.  (Pelletier  and  Caventou,) 

Oxalate  of  Quinia.  When  a concentrated  solution  of  oxalic  acid  is 
added  to  one  of  a soluble  salt  of  quinia,  a precipitate  of  oxalate  of  quinia 
falls ; it  dissolves  in  boiling  water,  and  yields  nacreous  acicular  crystals  on 
cooling:  it  dissolves  in  excess  of  oxalic  acid,  and  this  solution  also  crys- 
tallizes in  needles:  the  neutral  oxalate  is  very  soluble  in  alcohol,  and  the 
hot  alcoholic  solution  deposits  crystals  on  cooling. 

Tartrate  of  Quinia  resembles  the  oxalate,  but  is  more  soluble. 

Tannate  of  Quinia.  The  infusion  and  tincture  of  galls  precipitate 
quinia  from  its  solutions:  pure  tannic  acid  produces  a similar  effect:  the 
precipitate  is  soluble  in  acetic  acid,  and  difficultly  so  in  water. 

Gallate  of  Quinia.  Gallic  acid  occasions  precipitates  in  all  the 
solutions  of  quinia  which  are  not  very  dilute:  the  alkaline  gallates  are  yet 
more  effective  precipitants.  Gallic  acid  unites  directly  with  quinia,  and 
the  salt  is  difficultly  soluble  in  cold  water:  its  solution  in  boiling  water 
becomes  milky  as  it  cools.  The  gallate  of  quinia  is  soluble  in  alcohol, 
and  in  excess  of  acid.  (Dumas.) 

Acetate  of  Quinia.  The  acetate  of  quinia,  when  slightly  acid,  is 
easily  crystallizable:  the  solution,  when  evaporated  to  a certain  point, 
forms  a mass  of  distinct  acicular  crystals:  when  very  slowly  evaporated, 
it  yields  peculiar  mamillary  and  stellated  groups:  it  is  not  very  soluble, 
and  if  coloured,  it  may  be  washed  in  water,  and  subsides  in  silky 
filamentous  crystals:  its  concentrated  solution,  in  boiling  water,  concretes 
into  a crystalline  mass  when  cold.  (Dumas.) 

% 

3.  Artcina.  This  alkaloid  was  discovered  in  1829,  by  Pelletier  and 
Coriol,  (Jour,  de  Pharm .,  xv.,  57ffi)  in  a bark  from  Arica,  which  had 
been  fraudulently  mixed  with  cinchona  : in  appearance  it  resembles 
yellow  bark , but  we  are  unacquainted  with  its  botanical  history.  Treated 
as  usual  for  the  separation  of  its  alkaloid,  it  yields  a substance  much 
resembling  cinchonia  in  its  external  characters,  but  differing  from  it 
materially  in  its  aggregate  chemical  properties.  It  is  insoluble  in  water, 
and  nearly  tasteless,  but  after  a time,  produces  a biting  sensation  upon 
the  palate:  its  acid  solutions  are  very  bitter;  heated,  it  fuses  like  quinia, 
and  is  not  volatile. 

Its  sulphate  is  not  crystallizable  from  its  aqueous  solution,  but  yields 
a gelatinous  mass,  becoming  horny  when  dried:  its  alcoholic  solution,  on 
the  contrary,  affords  silky  crystals,  much  like  sulphate  of  quinia.  When 
a few  drops  of  sulphuric  acid  are  added  to  its  gelatinous  sulphate,  another 
sulphate,  crystallizable  in  flattened  prisms,  is  formed.  The  action  of 
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nitric  acid  on  aricina  is  very  distinct;  when  concentrated  it  produces  with 
it  a very  deep  green  colour ; when  more  dilute  the  colour  is  brighter,  and 
when  very  dilute  the  solution  is  colourless:  the  production  of  this  green 
colour  is  accompanied  by  a decomposition  of  the  alkaloid,  but,  by  using  a 
very  dilute  acid  for  its  solution,  this  is  prevented,  and  a colourless 
nitrate  obtained.  According  to  Pelletier  the  ultimate  components  of 
aricina  are  Pelletier. 


Carbon  . . . 

. 20  . 

. 120 

. . 70.5 

. . 70.9 

Hydrogen  . . 

. 12  . 

12 

. . 7.0 

0.9 

Oxygen  . . . 

. 3 . 

. 24 

. . 14.0 

. . 13.9 

Nitrogen  . . 

1 . 

14 

8.5 

8.3 

Aricina 

. 1 

170 

100.0 

100.0 

It  is  remarked  by  Dumas,  that  einchonia,  quinia,  and  aricina,  may  be 
regarded  as  oxides  of  a common  radical  or  base,  represented  as  follows: 

( 20  car  + 12  h + n)  + o = Cinchonia. 

( 20  car  + 12A+7l)+20  = Quinia. 

( 20  car  +12  A + w)  + 30  = Aricina. 

The  atomic  constitution  of  these,  and  of  the  preceding  alkaloids,  sug- 
gests many  theoretical  views,  which,  however,  have  not  been  sufficiently 
matured  to  merit  a place  here,  and  are  essentially  dependent  upon  the 
equivalents  by  which  they  are  represented.  The  numbers  which  I have 
adopted  represent  these  bodies  as  niturels  of  a compound  radical,  or  as  con- 
sisting of  carbon,  hydrogen,  and  oxygen  + 1 atom  of  nitrogen ; hence  the 
notion  of  the  existence  in  them  of  ammonia,  to  which,  even  their  alkaline 
characters  have  been  by  some  ascribed:  Dumas  compares  them  to  urea, 
and  regards  them  as  amides;  but  these  hypotheses  are  all  unsatisfactory, 
and  till  our  knowledge  of  the  various  hydrocarbons,  and  of  their  combi- 
nations, is  much  extended  and  simplified,  we  shall  probably  not  be  able 
to  frame  any  correct  theory,  applicable  to  the  ultimate  constitution  of 
these  highly-interesting  compounds. 

4.  Cinchonic  (Kinic)  Acid.  This  acid,  originally  noticed  by  Hof- 
mann, and  by  Vauquelin  (Ann.  de  Chim .,  lix.,  162),  is  contained  in  the 
different  species  of  cinchona , combined  with  lime,  and  with  their  alka- 
loids. It  may  be  obtained  by  digesting  an  aqueous  extract  of  cinchona  in 
alcohol,  which  leaves  a viscid  mass  containing  cinchonate  of  lime:  when 
this  is  dissolved  in  water,  and  exposed  to  spontaneous  evaporation  in  a 
warm  place,  the  salt  of  lime  crystallizes,  and  these  crystals,  when  purified, 
may  be  decomposed  by  sulphuric  or  oxalic  acid,  so  as  to  abstract  the 
lime,  and  separate  the  cinchonic  acid:  some  add  acetate  of  lead  to  the 
solution  of  cinchonate  of  lime,  and  decompose  the  precipitated  cinchonate 
of  lead  by  sulphuretted  hydrogen,  but  the  former  methods  are  preferable. 
(Henry  and  Plisson,  Jour,  de  Pharm .,  xiii.  and  xv.;  Liebig  and  Baup, 
Ann.  de  Chim.  et  Phys .,  xlvii.,  188,  and  li.,  56.)  When  the  cinchonic 
acid  is  separated  its  aqueous  solution  must  be  slowly  and  quietly  evapo- 
rated, and  it  then  yields  crystals,  soluble  in  2.5  of  water  at  68°,  and 
soluble  also  in  alcohol:  it  tastes  sour,  but  not  in  the  least  bitter.  Sul- 
phuric acid  dissolves  it,  acquiring  a green  colour,  and  carbonizes  it  when 
heated.  Heated  with  a little  nitric  acid,  a crystallizable  sublimate  is  at 
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first  produced,  which  is  analogous  to  pyrocinchonic  acid ; a larger  addition 
of  the  acid  converts  it  into  oxalic  acid.  According  to  Baup,  kinic  acid 
consists  of  ( VoCCLT  ioA  + ioO),  so  that  its  equivalent  is  180,  or 


Carbon 15  . . 90 

Hydrogen  ....  10  . . 10 

Oxygen 10  . . 80 

Anhydrous  cinclionic  acid  1 180 


Baup.  Liebig. 

. 50.0  . . 50.0  . . 46.23 

5.5  . . 5.6  . . 5.89 

. 44.5  . . 44.4  . . 47.88 


100.0  100.0  100.00 


The  crystallized  cinclionic  acid  includes  1 atom  of  water,  its  equivalent 
being  180  + 9 = 189*. 

CiNcnoNATES  or  Quinates.  In  the  neutral  cinchonates , the  oxygen 
in  the  acid  is  to  that  in  the  base  as  1 0 to  1 . They  are  soluble  in  water, 
but  insoluble  in  absolute  alcohol. 

Cinchonate  of  Lime.  (C  JrCl7l1.')  This  salt  crystallizes  in  transparent 
rhomboids,  soluble  in  9 parts  of  water  at  60°,  and  much  more  soluble  m 
hot  water:  when  dried  at  212°  it  loses  28  per  cent,  of  water.  Its  equi- 
valent in  the  anhydrous  state,  is  180  + 28  = 208,  and  in  the  crystallized 
state,  including  10  equivalents  of  water,  208  + 90  = 298.  According  to 
Berzelius,  a small  quantity  of  cinchonate  of  lime  may  be  extracted  from 
the  alburnum  of  fir-trees. 

Cinchonate  of  Copper  (Cu+CZTZO  is  thrown  down  in  the  form  of 
a difficultly-soluble  green  precipitate,  when  a soluble  cinchonate  is  added 
to  a solution  of  acetate  of  copper:  the  salt  is  not  thrown  down  from  sul- 
phate or  nitrate  of  copper.  According  to  Baup,  this  is  a basic  salt. 

Cinchonate  of  Lead.  (Pl+CZTT.)  The  neutral  salt  forms  acicular 
crystals,  which,  when  gently  heated,  lose  their  water  of  crystallization. 
The  basic  salt  is  insoluble  in  water. 

Cinchonate  of  Silver  ( Ag +C1711)  is  an  anhydrous  salt,  which  rapidly 
blackens  by  exposure  to  light. 


* Cahincic  Acid.  Under  this  name 
Pelletier  and  Caventou  have  described 
an  acid  procured  from  the  cortical  part 
of  the  cahinca  root : the  plant  belongs  to 
the  Rubiacese,  and  grows  in  Brazil, 
being  used  for  the  cure  of  intermittents, 
dropsy,  and  other  diseases.  The  acid  is 
obtained  by  dropping  muriatic  acid  into 
a decoction  of  the  root ; it  is  gradually 
deposited  in  small  crystals.  It  is  more 
perfectly  procured  by  evaporating  a 
strong  alcoholic  tincture  of  the  cahinca 
root  to  dryness,  dissolving  the  residue  in 
water,  precipitating  by  lime,  and  decom- 
posing the  calcareous  salt  which  falls  by 
oxalic  acid : the  cahincic  acid  must  then 
be  purified  by  recrystallization. 

Cahincic  acid  requires  600  parts  of 
water  for  its  solution  ; it  is  very  soluble 
in  alcohol,  and  the  solution,  if  saturated 
when  hot,  deposits  the  acid  in  tufts  of 
crystals  as  it  cools.  Ether  dissolves  it  as 
sparingly  as  water : it  is  intensely  bitter. 


When  heated,  it  softens,  chars,  and 
yields  a white  crystalline  sublimate, 
which  is  not  bitter,  and  contains  no 
ammonia. 

Cahincic  acid  is  charred  by  sulphuric 
acid : with  muriatic  acid  it  forms  a gela- 
tinous compound,  from  which  water 
throws  down  white  flakes,  which  are  not 
bitter:  nitric  and  acetic  acid  produce 
very  similar  effects.  With  ammonia, 
potassa,  lime,  and  baryta,  it  forms  soluble 
neutral  salts,  which  are  not  crystallizable, 
and  from  which  the  acids  throw  down 
cahincic  acid.  From  Liebig’s  analysis 
{Ann.  de  Chim.  et  Phys.,  xlvii.,  186)  this 
acid  appears  to  consist  of 

Carbon  15  . 90  . 57.0 

Hydrogen  12  . 12  . 7-6 

Oxygen  . 7 . 56  . 35.4 

Cahincic  acid  1 158  100.0 

But  its  equivalent  has  not  been  deter- 
mined by  experiment. 
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III.  Strychnia  ; Brucia  ; Strychnic  Acid.  Strychnia  was  dis- 
covered in  181 8,  by  Pelletier  and  Caventou.  {Ann.  de  Chim.  et  Phys ., 
viii.,  305,  x.,  142.)  It  is  contained  in  many  species  of  strychnos , 
especially  in  S.  nux-vomica , S.  ignatia , and  S.  colubrina.  They  also 
subsequently  detected  it  in  the  celebrated  Javanese  poison,  called  Upas- 
tieute.  {Ann.  de  Chim.  et  Phys.,  xxvi.,  44.)  Strychnia  is  associated  in 
the  former  sources  with  Brucia , a distinct  alkaloid,  which  was  originally 
detected  in  the  bark  of  the  nux-vomica  tree,  an  article  which  was  known 
in  the  drug- trade  under  the  name  of  spurious  angustura  bark  ; and  as 
the  genuine  angustura  bark  was  presumed  to  be  the  bark  of  a species  of 
brucia , the  terms  brucine  and  brucia , though  evidently  derived  from  a 
perfectly  distinct  source,  have  been  applied  to  the  alkaloid  extracted, 
together  with  strychnia,  from  the  bark  of  the  S.  nux-vomica.  Brucia  was 
discovered  by  the  above  chemists  in  1819  {Ami.  de  Chim.  et  Phys.,  xii., 
118.)  To  them  also  we  are  indebted  for  our  knowledge  of  the  strychnic, 
or  as  they  originally  called  it,  igasuric  acid,  a term  derived  from  the 
Malayan  name  of  St.  Ignatius’  bean. 

1 Strychnia.  Among  the  numerous  processes  which  have  been 
devised  for  the  extraction  of  strychnia,  the  two  following  are  the 
simplest : the  first  is  suggested  by  M.  Coriol,  the  second  by  M.  Henry, 
junr.,  {Jour,  de  Pharm .,  xi.  492.,  xvi.  752.) 

Digest  coarsely-powdered  nux-vomica  in  repeated  portions  of  cold 
water,  till  all  soluble  matters  are  extracted : carefully  evaporate  the 
infusions  to  the  consistence  of  syrup,  and  precipitate  by  alcohol ; wash 
the  precipitate  (which  consists  of  gum,)  with  alcohol,  and  add  the 
washings  to  the  original  portion,  and  evaporate  the  whole  in  a water- 
bath  to  the  consistency  of  an  extract : this  consists  almost  entirely  of 
strychnate  of  strychnia;  dissolve  it  in  cold  water,  which  separates  a little 
greasy  matter ; then  heat  the  clear  liquid,  and  add  milk  of  lime  so  as  to 
decompose  the  strychnate,  and  leave  the  lime  in  slight  excess ; drain,  and 
dry  the  precipitate  by  pressure,  and  digest  in  boiling  alcohol,  which  takes 
up  strychnia,  brucia,  and  some  colouring-matter ; these  are  obtained  by 
evaporation,  and  may  be  separated  by  the  action  of  weak  alcohol,  which 
dissolves  the  brucia  and  the  colouring-matter,  and  leaves  strychnia ; wash 
it  with  a little  dilute  alcohol,  and  dissolve  it  in  strong  boiling  alcohol ; 
this  deposits  it  in  crystals  on  cooling. 

Henry’s  process  is  as  follows : the  rasped  or  powdered  nux-vomica  is 
digested  in  warm  alcohol,  acidulated  by  sulphuric  acid,  as  long  as  it 
dissolves  anything ; it  is  then  pressed  out,  and  powdered  quick-lime  is 
added  to  the  alcoholic  liquors  to  saturate  the  acid,  and  precipitate  the 
colouring-matter : when  this  mixture  has  subsided,  the  clear  part  is 
poured  off,  the  residue  washed  with  alcohol,  and  these  liquors  filtered  and 
distilled : they  leave  a brown  alkaline  residue,  which  is  to  be  saturated  by 
water  slightly  acidulated  by  sulphuric,  muriatic,  or  acetic  acid : the 
neutral  liquor  is  then  filtered  off,  concentrated  by  evaporation  if  neces- 
sary, and  when  cold  precipitated  by  slight  excess  of  ammonia;  the 
precipitate  is  washed,  and  digested  in  warm  dilute  alcohol,  to  remove 
brucia ; the  remaining  strychnia  is  then  dissolved  in  boiling  alcohol  with 
a little  animal  charcoal,  and  filtered  whilst  hot : on  cooling,  the  strychnia 
is  deposited.  (See  Dumas,  v.,  754,  for  an  abstract  of  the  other  methods.) 
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When  a solution  of  strychnia  in  common  alcohol  is  left  to  slow 
evaporation,  it  yields  the  alkaloid  in  octoedra,  or  four-sided  prisms, 
terminated  by  pyramids ; when  rapidly  crystallized  it  is  granular.  It  is 
intensely  bitter,  and  extremely  poisonous ; one-eighth  of  a grain  being 
sufficient  to  kill  a dog,  and  a quarter  of  a grain  often  producing  a decided 
effect  upon  a healthy  man.  It  produces,  in  larger  doses,  paroxysms  of 
tetanus,  and  repeated  convulsions,  like  those  resulting  from  electric  shocks. 
Injected  in  very  small  quantities  into  the  veins,  death  very  soon  ensues, 
and  in  this  way  it  is,  that  the  poisoned  arrows  of  the  Javanese  produce 
their  effect. 

Strychnia  is  fusible,  but  not  volatile,  and  easily  decomposed  by  heat : 
subjected  to  destructive  distillation  it  affords  the  usual  products  of  these 
compounds.  It  is  almost  insoluble  in  cold  water ; and  one  part  requires 
2500  of  boiling  water  for  solution  : the  intensity  of  its  bitterness  is 
such,  that  its  cold  aqueous  solution,  which  does  not  contain  more  than  a 
six-thousandth  of  its  weight  of  strychnia,  may  be  diluted  with  100  times 
its  bulk  of  water,  and  yet  remains  sensibly  bitter.  It  is  soluble  in 
common  alcohol,  but  absolute  alcohol,  and  ether,  scarcely  dissolve  it 
when  quite  free  from  acid.  It  is  soluble  in  the  acids,  and  forms  soluble, 
colourless,  and  crystallizable  salts*.  When  chlorine  is  passed  through 
a mixture  of  strychnia  and  water,  it  is  dissolved,  and  the  solution  yields 
colourless  crystals  of  muriate  of  strychnia  by  evaporation : boiled  with 
iodine  and  water  it  is  also  dissolved.  Fused  with  sulphur  it  evolves 


sulphuretted  hydrogen, 
anhydrous  compound  of 

Adopting 

Liebig’s 

analyses, 

strychnia  is 

Liebig. 

Carbon 

30 

180 

77.0 

77.20 

Hydrogen  * . . . 

16 

16 

6.8 

6.72 

Oxygen  .... 

3 

24 

10.2 

10.13 

Nitrogen  .... 

1 

14 

6.0 

5.95 

Strychnia  .... 

1 

234 

100.0 

100.00 

Hence  we  have  234  as  the  equivalent  of  strychnia,  and  its  symbol 
(so  car  + i6  h + 30 +n.) 

Sulphate  of  Strychnia.  (Stry  + S^.)  This  salt,  when  crystallized 
from  its  neutral  solution,  is  in  small  cubes ; excess  of  acid  renders  it 
acicular.  It  becomes  opaque  by  exposure  to  air,  without  losing  weight ; 
it  may  be  fused  without  deconqiosition  when  carefully  heated ; it  then 
loses  about  3 per  cent.  This  salt  is  excessively  bitter ; it  dissolves  in 
about  ten  parts  of  water  at  60°,  and  in  less  at  212°.  According  to 
Liebig  it  is  anhydrous,  and  consists  (dried  at  212°,)  of 

Liebig. 

Strychnia 1 ...  234  ...  85.6 

Sulphuric  acid  ....  1 ...  40  ...  14.4 

Sulphate  of  strontia  . . 1 274  100.0 


* Nitric  acid  always  reddens  strych- 
nia, but  it  is  said  that  pure  strychnia , 
(that  from  upas,)  is  not  thus  discoloured, 
and  that  the  effect  is  due  either  to  a 
yellow  uncrystallizable  compound,  which 
generally  accompanies  strychnia,  or,  to 
the  presence  of  brucia.  Be  this  as  it 


may,  the  effect  of  nitric  acid  upon  all 
the  samples  of  strychnia  and  its  salts, 
which  I have  examined,  has  been  to 
redden  them : we  are,  however,  as  yet, 
but  imperfectly  acquainted  with  this 
alkaloid  and  its  combinations. 
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The  other  salts  of  strychnia  are  crystallizable,  and  mostly  very 
soluble ; even  those  with  the  oxalic  and  tartaric  acids. 

2.  Brucia.  The  presence  of  this  alkaloid  in  the  usual  sources  of 
strychnia,  and  the  method  of  separating  them,  have  already  been 
described.  It  is  most  abundantly  procured  from  the  bark  of  the 
slrychnos  nux-vomica , commonly  called  false  angustura.  This  hark  is 
coarsely  powdered,  and  having  been  previously  digested  in  sulphuric 
ether  to  free  it  from  fatty  matter,  is  treated  by  alcohol,  the  alcoholic 
solution  evaporated,  and  the  residue  dissolved  in  water,  saturated  with 
oxalic  acid,  and  evaporated  to  dryness.  Alcohol,  digested  upon  this 
residuum,  dissolves  colouring-matter,  and  leaves  pure  oxalate  of  brucia, 
which  may  be  decomposed  by  lime,  and  the  brucia  dissolved  out  by 
boiling  alcohol,  from  which,  by  slow  evaporation,  it  is  obtained  in 
crystals. 

Brucia  forms  either  prismatic  or  foliated  crystals,  according  as  it  has 
been  slowly  or  rapidly  deposited : it  is  soluble  in  about  850  parts  of 
cold,  and  in  500  of  boiling  water ; its  taste  is  strongly  and  permanently 
bitter ; it  is  very  soluble  in  alcohol,  but  insoluble  in  sulphuric  ether : 
with  the  acids  it  forms  soluble  salts,  mostly  crystallizable ; they  are 
bitter,  and  are  decomposed  not  only  by  the  alkalis,  but  by  morphia  and 
strychnia,  both  of  which  precipitate  the  brucia.  Brucia  is  reddened  by 
nitric  acid,  and  the  colour  changes  to  violet  on  the  addition  of  proto- 
chloride of  tin.  A drop  of  bromine  added  to  the  alcoholic  solution  of 
brucia,  renders  it  violet ; by  these  characters  it  is  distinguished  from 
strychnia  and  from  the  other  alkaloids.  Anhydrous  brucia  consists  of 


Carbon  .... 

. . 32 

192 

Liebig. 

70.96 

Hydrogen  . . . 

. . 18 

. . . 

18 

6.50 

Oxygen  .... 

. . 6 

... 

48 

17.40 

Nitrogen  . . . 

. . 1 

• • • 

14 

5.14 

Anhydrous  Brucia 

. . 1 

272 

100.00 

Hence  we  have  272  as  the  equivalent,  and  (32 COLT  + isA+60+2)  as 
the  formula  of  brucia. 

Crystallized  Brucia  is  a perfectly  definite  hydrate,  including  6 atoms 
of  water;  its  equivalent  therefore  is  272  + 54  = 336. 

Sulphate  of  Brucia  (Bru  + ^S)  is  very  soluble  in  water,  and 
sparingly  so  in  alcohol;  it  forms  prismatic  crystals,  which  are  extremely 
bitter,  and  include  4 atoms  of  water,  2 of  which  they  lose  by  efflo- 
rescence. 

The  general  characters  of  the  remaining  salts  of  brucia  have  been 
above  stated. 

3.  Strychnic  Acid.  This  acid  was  obtained  by  Pelletier  and  Ca- 
ventou  as  follows:  Powdered  Ignatius’  bean,  or  nux-vomica,  was  first 
digested  in  ether,  and  all  soluble  matters  being  removed,  it  was  next 
treated  by  alcohol ; the  alcoholic  solutions  were  evaporated,  water  added 
to  the  residue,  and  filtered;  the  filtered  liquor  was  then  digested  with 
pure  magnesia ; an  insoluble  strychnate  of  magnesia  was  thus  formed, 
which,  washed  with  cold  water  and  dried,  was  digested  in  alcohol  to 
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abstract  free  strychnia;  the  strychnate  of  magnesia  was  then  dissolved  in 
boiling  water,  rapidly  filtered,  and  mixed,  whilst  hot  (for  the  salt  is  not 
soluble  in  cold  water),  with  acetate  of  lead:  the  resulting  strychnate  of 
lead  was  then  decomposed  by  sulphuretted  hydrogen,  and  the  sulphuret 
of  lead  being  filtered  otf,  or  allowed  to  settle,  the  solution  was  evaporated ; 
it  yielded  a brown  liquid,  which  deposited  hard  granular  crystals  of 
stry clinic  acid.  Neither  the  equivalent  nor  the  ultimate  composition  of 
this  acid  have  been  satisfactorily  determined. 

Strychnates.  The  strycknates  of  ammonia , potassa , and  of  soda , are 
very  soluble  both  in  water  and  in  alcohol:  when  the  aqueous  solution  of 
strychnate  of  baryta  is  evaporated,  it  yields  spongy  vegetations.  The 
salts  of  iron,  mercury,  and  silver,  are  not  affected  by  neutral  strychnate 
of  ammonia,  but  it  renders  the  solutions  of  copper  green,  and,  after  some 
time,  a bright-green  precipitate,  scarcely  soluble  in  water,  falls:  Pelletier 
and  Caventou  regard  this  character  as  distinctive  of  the  strychnic  acid. 


IV.  Veratria,  and  oteier  Alkaloids.  In  this  subsection  I include 
a long  list  of  alkaloids,  and  of  other  substances  apparently  related  to 
them,  which  have  been  more  or  less  accurately  examined,  but  the 
greater  number  of  which  require  more  minute  investigation.  They  are 
extremely  interesting  to  the  chemist  from  the  analogy  which  they  bear 
to  the  well-defined  alkaloids ; and  to  the  medical  physiologist,  as  pre- 
senting, in  an  insulated  state,  the  active  principles  of  many  important 
and  energetic  articles  of  the  Materia  Medicci. 

1.  Veratria.  Veratria  was  discovered,  in  1819,  by  Pelletier  and 
Caventou  (Ann.  de  Chim.  et  Phys .,  xiv.,  69),  and,  about  the  same  time, 
by  Meisner,  in  Germany.  (Schweigger’s  Jour.,  xxv.,  377-)  It  is  contained 
in  the  seeds  of  the  Veratrum  sabadilla , and  the  roots  of  the  Veratrum 
album , or  white  hellebore , united  with  gallic  acid*.  It  is  most  readily 
procured  from  the  seeds  of  the  sabadilla , which  are  first  digested  in  ether,  to 
remove  oily  matter,  then  boiled  in  alcohol,  and  the  solution  suffered  to  cool ; 
it  is  then  filtered,  evaporated  to  dryness,  and  the  residue  digested  in  water; 
which,  being  partly  evaporated,  deposits  a yellow  matter,  to  be  separated 
by  filtration.  The  clear  solution  is  now  mixed  with  acetate  of  lead,  which 
gives  a precipitate,  to  be  removed  by  filtering;  and  the  filtered  liquor  (its 
lead  having  been  separated  by  sulphuretted  hydrogen,  and  heated)  is  now 
boiled  with  magnesia;  the  precipitate  thus  produced  is  digested  in  boiling 
alcohol,  from  which  the  veratria  is  deposited  in  a pulverulent  form,  on 
evaporation.  If  not  at  first  white,  it  may  be  rendered  so  by  a second 
solution,  and  by  the  aid  of  animal  carbon.  As  thus  procured,  veratria 
is  not  crystallizable ; it  has  a pungent,  but  not  a bitter  taste,  and  power- 
fully irritates  the  nostrils.  A very  small  dose  produces  nausea  and 
vomiting.  It  fuses  at  a temperature  of  122°,  and  concretes,  on  cooling, 
into  a translucent  yellow  mass.  Boiling  water  does  not  take  up  more 


* Veratria  has  also  been  discovered 
in  the  bulb  of  the  Colchicum  autumnale , 
or  meadoiv  saffron , and  is  probably  the 
principle  to  which  the  curative  powers 
of  that  drug,  in  cases  of  gout,  are  refer- 
able. It  is  curious  that,  many  years  ago, 
Mr.  Moore  suspected  the  active  ingre- 


dient in  the  celebrated  French  gout- 
specific,  called  Eau  Medicinale  d' Husson, 
and  which  is  a vinous  infusion  of  colchi- 
cum, to  be  derived  from  hellebore, 
which  we  now  know  to  contain  the  same 
alkaline  base  as  colchicum. 
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than  a thousandth  part  of  its  weight,  hut  it  is  readily  soluble  in  alcohol, 
and  less  so  in  sulphuric  ether.  But  in  this  state,  veratria,  according  to 
Couerbe  (Ann.  de  Ckim.  et  Phys .,  lii.,  352),  is  still  blended  with  other 
principles,  two  of  which  are  abstracted  by  boiling  water:  of  these,  one  is 
crystallizable,  and  termed  sabadilline ; the  other  is  deposited  on  the 
evaporation  of  the  mother-liquor  in  the  form  of  viscid  drops  of  a reddish 
colour  and  acrid  taste:  he  has  termed  it  resinigomme  de  sabadilline* . 
The  alkaline  residue  of  the  veratria  remaining  after  this  treatment,  is 
digested  in  successive  portions  of  ether,  and  when  these  ethereal  solutions 
are  spontaneously  evaporated,  they  deposit  a white  viscid  matter,  which 
is  now  pure  veratria:  the  matter  which  resists  the  action  of  ether,  is  called, 
by  Couerbe,  veratrin.  Pure  veratria  consists,  according  to  Couerbe,  of 

Couerbe. 


Carbon 34 

Hydrogen 22 

Oxygen  6 

Nitrogen  1 


204 

22 

48 

14 


71.24 

7.52 

16.39 

4.85 


V eratria 


288  100.00 


The  equivalent,  therefore,  of  veratria  is  288,  and  its  formula  ( 34  CCLT 
+ 22  H + 6 O + 71.) 

Salts  op  Veratria.  Veratria  forms  compounds  with  the  acids,  which 
are  very  difficult  of  crystallization.  Couerbe  succeeded  in  obtaining  a 
crystallizable  sulphate  of  veratria  (Ver  + S2 * * * * 7),  from  the  analyses  of 
which  he  established  the  equivalent  of  veratria  as  above.  The  muriate  of 
veratria  is  also  a crystallizable  salt. 


2.  Atropia.  The  existence  of  an  alkaloid  in  the  Atropa  belladonna , 
or  deadly  nightshade , was  first  shown  by  Brandes,  in  1819  (Schweigger, 

Jour .,  xxviii.),  and  the  process  for  obtaining  it  was  afterwards  improved 
by  Mein  ( Jour . de  Phar .,  xx.,  87),  in  consequence  of  Bunge’s  discovery 
of  the  destructibility  of  some  of  these  bases  by  the  fixed  alkalis. 

I must  refer  the  reader  to  Mein’s  process  and  to  Dumas  ( Chim . App. 
aux  Arts , v.,  804)  for  the  details.  The  root  of  the  plant,  dried  and 
powdered,  is  the  part  employed,  and  is  said  to  yield  not  more  than  a 
three-thousandth  part  of  pure  atropia. 

Atropia  crystallizes  in  white  silky  prisms:  it  is  soluble  in  anhydrous 
alcohol  and  in  ether,  and  in  about  500  parts  of  cold  water;  this  solution 
is  bitter,  and  when  dropped  into  the  eye,  dilates  the  pupil. 

Atropia  forms  definite  compounds  with  the  acids;  the  sulphate  and 
acetate  are  more  crystallizable  than  the  muriate  or  nitrate:  the  salts  are 
decomposed,  and  the  atropia  thrown  down  by  potassa  and  ammonia,  by 
infusion  of  galls,  and  by  chlorides  of  gold  and  platinum,  with  which  it 
forms  compounds  gradually  crystallizing,  and  probably  composed  of 
muriate  of  atropia  combined  with  the  metallic  chloride. 

When  atropia  is  heated  with  potassa  it  is  easily  decomposed,  and 
abundance  of  ammonia  is  evolved.  The  facility  with  which  this  alkaloid 
is  thus  destroyed,  renders  the  use  of  caustic  alkalis  in  its  preparation 
inadmissible.  According  to  Liebig,  the  ultimate  composition  of  atropia 


* From  the  oil  of  the  seeds  of  saba- 
dilla,  Pelletier  and  Caventou  obtained,  by 


the  process  of  saponification,  a peculiar 
fat-acid,  which  they  termed  cevadic  acid. 
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is  ( 68  COLT  + 23  h + 12  0 + 71  ),  but  tlie  nature  and  properties  of  this  body 
require  further  examination. 

3.  Hyoscyamia.  This  alkaloid  was  obtained  by  Brandes  from  the 
seeds  of  the  Hyoscyamus  niger;  an  alcoholic  solution  or  tincture  of  which 
was  mixed  with  a small  quantity  of  lime,  and  the  precipitate  digested  in 
dilute  sulphuric  acid;  the  solution,  containing  sulphate  of  hyoscyamia,  is 
then  decomposed  by  the  addition  of  powdered  carbonate  of  soda;  the 
hyoscyamia  is  thus  precipitated,  and  it  is  quickly  removed  from  the 
solution  and  dried  by  pressure  in  blotting-paper;  it  is  then  dissolved  in 
absolute  alcohol,  filtered  through  animal  charcoal,  and  the  solution 
evaporated,  a little  water  being  added  towards  the  end  of  the  process. 

Hyoscyamia  is  described  as  forming  silky  crystals,  difficultly  soluble 
in  water,  of  an  acrid  and  nauseous  taste,  highly  poisonous,  and,  when 
applied  to  the  eye,  producing  a dilated  pupil.  It  is  easily  decomposed, 
with  the  evolution  of  ammonia,  by  the  fixed  alkalis.  It  is  very  soluble 
in  alcohol  and  ether:  its  salts  are  said  to  be  neutral  and  crystallizable. 
(Geiger  and  Hesse,  Jour,  de  Pharm .,  xx.,  92.) 

4.  Solania.  This  alkaloid  was  discovered  by  Desfosses  of  Besamjon, 
in  the  berries  of  the  Solarium  nigrum , and  in  the  leaves  of  the  Solarium 
dulcamara.  (Jour,  de  Phar .,  vi.  and  vii.)  The  filtered  juice  of  the  ripe 
berries  was  saturated  by  solution  of  ammonia,  which  threw  down  a gray 
powder:  this  was  dissolved  in  boiling  alcohol,  filtered  through  animal 
charcoal,  and  evaporated,  when  the  solania  was  deposited.  Solania  is 
white  and  pulverulent,  and,  though  like  most  of  these  substances,  it  has 
no  direct  alkaline  action  upon  turmeric,  it  restores  the  blue  of  reddened 
litmus.  Acted  on  by  caustic  potassa  it  evolves  ammonia.  It  is  precipi- 
tated from  its  acid  solutions  by  the  alkalis,  and  does  not  form  crystallizable 
salts.  It  has  been  analyzed  by  Blanchet,  who  states  its  components  to 
be  per  cent.  62  carbon,  8.9  hydrogen,  1.6  nitrogen,  and  27-5  oxygen. 
Upon  the  whole,  our  information  upon  the  subject  of  solania  is  very 
incomplete. 

5.  Daturia.  Daturia  was  discovered  by  Brandes  in  the  seeds  of  the 
Datura  stramonium.  Geiger  and  Hesse  obtained  it  by  the  same  process 
as  that  for  procuring  hyoscyamia.  (Jour,  de  Phar .,  vi.,  and  xx.)  The 
following  process  is  given  by  Simes,  for  its  extraction.  A pound  of 
stramony  seeds,  in  fine  powder,  was  boiled  for  an  hour  in  3 quarts  of 
weak  alcohol;  to  the  liquor,  filtered  whilst  hot,  half  an  ounce  of  magnesia 
was  added,  and  the  mixture  shaken  from  time  to  time  for  24  hours;  the 
precipitate  was  then  collected,  boiled  for  some  minutes  with  12  ounces  of 
alcohol,  and  filtered  through  animal  charcoal;  this  alcoholic  solution  was 
then  evaporated  to  half  its  bulk,  and  set  aside  for  24  hours,  when  it  was 
found  to  have  deposited  globules  of  oil  and  crystals  of  colourless  daturia; 
this  deposition  continued  during  the  spontaneous  evaporation  of  the 
liquor,  when  the  daturia  was  collected,  dissolved  in  acidulated  water, 
filtered  through  charcoal,  precipitated  by  magnesia,  again  dissolved  by 
alcohol,  and  obtained  in  a pure  form.  Daturia  crystallizes  in  colourless 
quadrangular  prisms,  of  a bitter  and  acrid  taste,  and  is  very  poisonous; 
applied  to  the  eye,  the  pupil  is  durably  dilated.  Its  aqueous  solution  is 
decidedly  alkaline.  It  is  soluble  in  about  280  parts  of  cold,  and  72  of 
boiling,  water,  and  readily  soluble  in  alcohol. 
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The  Salts  op  Daturta  are  generally  soluble,  crystallizable,  and  per- 
manent in  the  air;  they  are  decomposed  by  the  alkalis,  and  daturia  falls 
in  white  flocculi.  Dumas,  adverting  to  the  analogy  that  subsists  between 
daturia,  atropia,  and  hyoscyamia,  suggests  the  possibility  of  their  identity: 
their  ready  decomposition  by  the  fixed  alkalis,  approximates  them  to  the 
ammides;  and  it  seems  probable  that  a more  accurate  knowledge  of  their 
ultimate  composition  may  throw  light  upon  the  subject  of  the  alkaloids 
in  general. 

6.  Picrotoxia.  This  name  has  been  given  to  a poisonous  bitter 
substance,  discovered  by  Boullay,  in  1819,  in  the  berries  of  the  Menisper- 
mum  cocculus , or  Cocculus  indicus.  It  may  be  obtained  by  the  following 
process:  Add  acetate  of  lead  to  a decoction  of  the  berries,  as  long  as  any 
precipitate  falls ; filter,  evaporate,  and  digest  the  extract  in  highly-rectified 
alcohol;  evaporate  to  dryness,  and  agitate  the  remaining  matter  with  a 
little  water;  the  picrotoxia  remains  in  the  form  of  white  prismatic 
crystals  of  a bitter  taste. 

Picrotoxia  is  difficultly  soluble  in  water.  Alcohol,  of  the  specific 
gravity  of  .810,  dissolves  one-third  its  weight.  It  is  soluble  in  weak 
solutions  of  the  pure  alkalis.  Picrotoxia  was  originally  described  by 
Boullay  as  a salifiable  base,  and  as  united  in  the  seeds  to  a peculiar  acid, 
which  was  termed  menispermic  acid.  Casaseca  has  shown  that  this  acid 
is  a mixture  of  malic  and  sulphuric  acids,  and  that  picrotoxia  has  no 
alkaline  reaction,  and  does  not  neutralize  the  acids;  but  it  certainly 
appears  to  form  definite  compounds  with  the  acids,  some  of  which  are 
crystallizable.  Its  ultimate  composition  has  not  been  accurately  ascer- 
tained; but,  according  to  Opperman,  it  does  not  contain  nitrogen,  but 
consists  of  61.5  carbon,  6.1  hydrogen,  and  32.4  oxygen  per  cent. 

7-  Nicotina.  This  principle  was  obtained  by  Vauquelin,  by  the 
following  process  (Ann.  de  Chim .,  lxxi.) : Evaporate  the  expressed  juice 
of  fresh  tobacco-leaves  to  one-fourth  its  bulk;  and,  when  cold,  strain  it 
through  fine  linen;  evaporate  nearly  to  dryness ; digest  the  residue  in  alco- 
hol ; filter  and  evaporate  to  dryness ; dissolve  this  again  in  alcohol,  and  again 
reduce  it  to  a dry  state.  Dissolve  the  residue  in  water,  and  saturate  the 
acid  which  it  contains  with  weak  solution  of  potassa,  introduce  the  whole 
into  a retort,  and  distil  to  dryness;  redissolve,  and  again  distil  three  or 
four  times  successively.  The  nicotin  will  thus  pass  into  the  receiver, 
dissolved  in  water,  from  which  solution  it  may  be  obtained  by  very 
gradual  evaporation;  or  it  may  be  saturated  by  sulphuric  acid,  and  the 
sulphate  of  nicotina,  so  formed,  decomposed  by  the  addition  of  lime  and 
distillation;  a mixture  of  nicotina,  ammonia,  and  water,  passes  over,  from 
which  the  nicotina  may  be  abstracted  by  agitation  with  ether,  and  this 
ethereal  solution,  when  distilled,  leaves  the  nicotina. 

Nicotina,  in  its  purest  state,  is  a transparent  colourless  liquid,  of  a 
pungent  and  disagreeable  odour,  and  acrid  taste:  it  is  alkaline;  volatile 
at  212°;  soluble  in  all  proportions  in  water,  alcohol,  and  ether,  and,  when 
its  aqueous  solution  is  agitated  with  ether,  the  greater  part  of  it  leaves 
the  water,  and  is  retained  by  the  ether.  It  is  very  poisonous,  and  forms 
distinct  salts  with  the  alkalis.  It  has  been  but  imperfectly  examined, 
and,  from  the  method  of  obtaining  it,  it  appears  doubtful  whether  it  is  an 
original  proximate  principle  of  tobacco. 
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8.  Coni  a.  It  appears  from  the  experiments  which  have  been  made 
upon  hemlock,  that  its  active  principle  resides  in  a volatile  and  uncrys- 
tallizahle  alkaloid : its  properties  have  been  investigated  by  Boutron- 
Charlard,  and  0.  Henry.  ( Ann . de  Chinn . et  Phys .,  lxi.,  337.)  The  activity 
and  importance  of  hemlock,  as  a medicine,  renders  a further  examination 
of  it  highly  desirable. 

9.  Aconita.  This  is  an  extremely  poisonous  and  active  alkaloid, 
extracted  from  the  aconite ; it  is  probably  contained  in  several  species  of 
that  plant.  Its  properties  and  combinations  are  as  yet  imperfectly  known, 
and  its  ultimate  composition  has  not  been  ascertained. 

10.  Digitalia.  Leroyer  gives  the  following  directions  for  the  extrac- 
tion of  digitalia : He  takes  “ one  livre  of  digitalis  purpurea,  and  first  treats 
it  with  cold  ether,  and  then  with  the  same  agent  heated  in  a close  stove, 
in  order  that  the  temperature  may  be  more  easily  raised.  The  tinctures 
obtained  in  this  manner,  were,  after  filtration,  of  a greenish-yellow  colour 
and  a bitter  taste ; the  residue  from  their  evaporation  has  a resinous 
appearance,  and  is  insupportably  bitter,  producing  upon  the  tongue  a 
sensation  of  numbness  like  that  which  is  experienced  from  chewing 
aconite.  Exposed  to  the  air,  this  residuum  powerfully  absorbs  moisture. 
When  taken  up  by  distilled  water,  it  divides  into  two  parts ; the  vehicle 
holds  one  of  them  in  solution,  the  other  is  precipitated,  and  presents  all 
the  characters  of  chlorophylle  ; the  aqueous  solution  of  the  ethereal  residue 
reddens  turnsol  paper.  Hydrate  of  jnotoxide  of  lead  was  then  added  to 
neutralize  the  free  acid  thus  indicated,  and  to  separate  from  the  hitter 
principle  that  which  is  apparently  combined  with  it.  The  salt  of  lead 
thus  formed  was  soluble,  and  consequently  could  not  be  separated  from 
the  bitter  principle ; several  earths  were  tried  for  the  same  purpose,  but 
with  no  better  success ; it  was  therefore  necessary  to  resort  to  another 
method.  After  evaporating  to  dryness  the  portion  treated  by  the  lead, 
it  was  again  dissolved  in  highly-rectified  ether ; by  this  operation  he 
obtained  the  bitter  principle  of  digitalis  disengaged  from  those  substances 
with  which  it  was  united.  By  evaporating  this  solution  a brown  heavy 
substance  is  obtained,  that  restores,  though  slowly,  the  blue  of  turnsol- 
paper  reddened  by  an  acid.  If  in  this  last  mentioned  character,  observes 
jVL  Leroyer,  as  well  as  in  its  bitterness  it  approaches  the  alkaloids,  its 
extreme  deliquescence  separates  it  from  them.  This  deliquescence 
prevents  it  from  crystallizing  in  a distinct  and  permanent  manner;  but 
M.  Leroyer  thinks  that  it  does  crystallize  regularly  under  favourable 
circumstances.  Dr.  Prevost  having  placed  a drop  of  the  solution  of 
digitaline  in  alcohol  on  a piece  of  glass,  and  cautiously  evaporated  it  by 
means  of  a spirit-of-wine  lamp,  detected  with  a microscope  numerous  and 
well-defined  crystals  of  various  forms.  The  same  observer  states,  that  the 
basic  form  of  them  all  appeared  to  be  a straight  prism  with  rhomboidal  base.” 

11.  Delpiiia.  This  alkaloid  was  discovered,  in  1819,  by  Lassaigne 
and  Feneulle,  in  the  seeds  of  the  Delphinium  staphysagria , or  Stavesacre. 
(Ann.  de  Chinn,  et  Phys.,  xii.,  358.)  The  simplest  mode  of  obtaining  it 
is  that  suggested  by  Berzelius  : digest  the  bruised  seeds  in  water  acidu- 
lated by  sulphuric  acid,  then  add  magnesia,  collect  and  dry  the  precipitate, 
and  digest  it  in  alcohol,  by  which  the  delphia  is  taken  up : it  may  he 
purified  by  boiling  it  in  the  state  of  sulphate,  with  animal  charcoal,  and 
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precipitating  by  ammonia,  which  throws  it  down  in  a gelatinous  form  : 
obtained  hy  evaporating  its  alcoholic  solution,  it  is  a crystalline  powder, 
which  becomes  opaque  when  dried. 

Delphia,  when  pure,  is  very  difficultly  soluble  in  water  at  any  tempe- 
rature : it  is  soluble  in  alcohol,  and  somewhat  less  so  in  ether.  It  has  a 
peculiarly  acrid  taste,  and  excites  a burning  sensation  in  the  throat.  Its 
salts  are  very  pungent  and  hitter,  and  most  of  them  very  soluble.  Del- 
phia has  been  analyzed  by  Couerbe  (Ann.  de  Chim.  et  Pliys .,  lii.,  359), 
with  the  following  results  : — 

Couerbe. 


Carbon  ....  27 

Hydrogen  ....  19 

Oxygen  ....  2 

Nitrogen  ....  1 

Delphia  ....  1 


162 

• • 

77.00 

19 

• • 

8.89 

16 

• • 

7.50 

14 

• • 

6.61 

211 

100.00 

Couerbe  discovered  another  principle  in  the  stavesacre-seed,  which  he 
has  termed  Staphisain;  in  ultimate  composition  it  appears  to  resemble 
the  alkaloids,  but  it  is  not  salifiable  It  is  separable  from  delphia  by  the 
action  of  ether,  in  which  it  is  insoluble. 

12.  Corydalia.  This  alkaloid  was  discovered  by  Wackenroder  in 
the  Corydalis  tuberosa , (Phil.  Mag.  and  Ann.,  iv.,  153.)  It  is  contained 
in  the  plant,  in  combination  with  malic  acid,  from  which  it  may  be 
separated  by  magnesia,  and  purified  by  solution  in  alcohol.  It  forms 
prismatic  crystals,  soluble  in  alcohol  and  ether,  but  very  sparingly  so  in 
water ; it  is  tasteless,  but  its  salts  are  bitter ; they  are  decomposed  by  the 
alkalis,  and  by  infusion  of  galls. 

13.  Sanguinaria.  The  root  of  the  Sanguinaria  canadensis , or 
Blood  root , contains,  according  to  Dana  (Phil.  Mag.  and  Ann.,  v.,  151), 
an  alkaloid,  which  may  be  separated  as  follows  : the  red  alcoholic  tinc- 
ture of  the  powdered  root  is  mixed  with  a little  ammonia,  and  poured 
into  water ; the  matter  which  subsides  yields  the  alkali  to  hot  alcohol : 
it  must  be  purified  by  animal  charcoal.  It  is  white,  acrid,  insoluble  in 
water,  but  soluble  in  alcohol  and  ether,  and  alkaline  to  tests.  Its  salts 
have  a red  colour. 

14.  Cynapia.  Under  this  name  an  alkaloid,  obtained  from  the 
JEthusa  cinapium,  has  been  described  by  Professor  Ficinus,  of  Dresden. 
It  forms  prismatic  crystals  soluble  in  water  and  alcohol,  but  insoluble  in 
ether  : it  is  salifiable. 

15.  Emetina.  This  term  implies  the  active  or  emetic  principle  of 
Ipecacuanha , from  which  it  was  procured  by  Pelletier  and  Majendie,  in 
181 7*  Boullay  has  since  detected  it  in  the  root  of  the  Violet  (Viola 
odor  at  a ),  and  Torreri  in  the  root  of  the  Iris  Jlorentina. 

Emetina  is  obtained  by  digesting  powdered  ipecacuanha  root,  first  in 
ether,  by  which  a fatty  matter  is  abstracted  (which  gives  ipecacuanha  its 
nauseous  odour,  but  which  is  not  emetic),  and  then  in  alcohol : this 
tincture  is  mixed  with  magnesia,  which  throws  down  impure  emetina : 
the  deposit  is  washed  with  cold  water,  and  redissolved  in  boiling  alcohol, 
from  which  solution  the  emetina  is  obtained  by  evaporation  or  distilla- 
tion. Berzelius  proposes  to  digest  the  powdered  root  in  dilute  sulphuric 
acid,  precipitate  by  magnesia,  and  separate  the  emetina  by  alcohol  as 
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before ; but  this  process  has  not,  I believe,  been  adopted.  Emetine  is  a 
yellow  uncrystallizable  substance,  of  a bitter  taste,  fusible  at  about  125°, 
almost  insoluble  in  cold  water  and  in  ether,  but  soluble  in  alcohol : it  has 
an  alkaline  reaction,  but  its  salts  have  not  been  satisfactorily  crystallized. 
It  is  powerfully  emetic.  The  French  chemists  have  given  the  name 
Violine  to  the  emetine  of  the  violet-root.  According  to  Caventou,  the 
emetic  action  of  emetine  is  prevented  by  infusion  of  galls,  and  the  gaUate 
of  emetina  is  insoluble*. 


§ XIX.  Crystallizable  and  other  Principles,  not  salifiable,  but 

IN  SOME  RESPECTS  ANALOGOUS  TO  THE  ALKALOIDS. 


1.  Salicin.  This  substance  was  extracted,  in  1830,  from  the  bark 
of  the  willow  ( Salix  helix),  by  M.  Leroux.  It  exists  in  several  species 
of  willow ; and,  according  to  Braconnot,  in  the  bark  of  the  poplar, 
especially  the  Populus  tremulaf . 

It  is  obtained  by  adding  subacetate  of  lead  to  a decoction  of  willow- 
bark,  as  long  as  a precipitate  falls,  filtering,  boiling  with  chalk,  filtering 
a second  time,  and  evaporating  the  solution,  when  the  salicin  crystallizes. 

Salicin  forms  white  prismatic  crystals,  of  a bitter  taste,  insoluble  in 
ether,  sparingly  soluble  in  cold,  but  readily  so  in  hot  water  and  alcohol ; 
it  is  neither  acid  nor  alkaline,  and  when  heated  with  sulphuric  or  muriatic 
acid,  is  converted  into  an  insoluble  matter,  having  the  characters  of  a 
resin.  By  the  action  of  nitric  acid,  it  is  said  to  be  converted  into  carba- 
zotic  acid ; but  according  to  the  analyses  of  Pelouze  and  J.  Gay  Lussac, 
it  is  a ternary  compound  of  55.49  carbon,  6.38  hydrogen,  and  38.13 
oxygen.  We  have  no  means  of  determining  its  equivalent. 

2.  Piperin.  This  substance  was  discovered  by  Oersted,  in  1819 
(, Journal  de  Phys .,  xc.),  and  afterwards  examined  by  Pelletier;  it  is 
obtained  from  black  pepper , ( Ann . de  Chim.  et  Phys.,  xvi.)  Vogel  gives 
the  following  process  for  its  extraction:  Digest  16  ounces  of  coarsely- 
powdered  pepper  for  forty-eight  hours  in  twice  its  weight  of  water,  five 
times  in  succession ; press  out  and  dry  the  insoluble  portion,  and  digest  it 
for  three  days,  in  24  ounces  of  alcohol ; press  out  this  solution,  filter, 
and  evaporate  it  to  the  consistence  of  syrup : crystals  are  deposited, 
which  are  to  be  freed  from  adhering  resin  by  ether,  redissolved  in  alcohol, 
purified  by  animal  charcoal,  and  recrystallized. 

Piperin  is  a crystallizable  substance,  generally  of  a pale  straw-colour, 
and  in  the  form  of  four-sided  prisms,  insoluble  in  cold,  and  slightly 


* Several  analyses  have  been  made  of 
different  species  of  ipecacuanha  (and 
there  are  several  known  in  the  drug- 
trade),  by  MM.  Pelletier  and  Majendie, 
and  an  account  of  their  researches  is 
published  by  M.  Robiquet  (Ann.  de 
Chim.  et  Phys , iv.  17*2)  ; 100  parts  of 

the  brown  wrinkled  variety  of  this  root, 
deprived  of  the  comparatively  inert 
woody  fibre  which  traverses  its  centre, 
afforded 


Fatty  matter  ....  2 

Emetine 14 


Gum 10 

Starch 18 

Woody  fibre 48 

A trace  of  wax  . . . 

Loss  2 


100 

Described,  from  this  source,  under 
the  name  Populin  ? 

3 x 
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soluble  in  hot  water ; readily  soluble  in  alcohol,  and  less  so  in  ether.  It 
fuses  at  a little  above  212°.  It  dissolves  in,  but  does  not  combine  with, 
the  acids : dissolved  in  acetic  acid,  it  is  left,  on  evaporation,  in  plumose 
crystals.  It  consists,  according  to  Gobel,  of  80.95  carbon,  8.13  hydrogen, 
and  10.92  oxygen. 

3.  Asparagin.  This  principle  was  discovered  in  asparagus,  by 
Vauquelin  and  Robiquet  (Ann.  de  Chim .,  lvii.)  ; and  was  shown  by 
Plisson  to  be  identical  with  a substance  found  by  Robiquet  in  liquorice- 
root,  which  he  named  Agedoite  (Ann.  de  Chim.,  lxxii.j,  and  also  with  the 
A It  hem , discovered  by  Bacon,  (Ann.  de  Chim.  et  Phys .,  xxxiv.)  It  lias 
been  found  by  Link  in  the  Ornithogalum , and  by  Blondeau  in  the 
Symphytum  officinalis. 

It  is  best  obtained  from  asparagus,  the  juice  of  which  is  expressed, 
evaporated  to  the  consistency  of  syrup,  and  set  aside  ; it  deposits  crystals, 
which  are  purified  by  solution  in  water  and  reCrystallization. 

Asparagin  forms  transparent  prismatic  crystals,  which  are  hard,  brittle, 
of  a cooling  and  somewhat  nauseous  taste,  neither  alkaline  nor  acid ; 
soluble  in  58  parts  of  cold  water,  and  more  soluble  in  hot;  insoluble  in 
anhydrous  alcohol,  and  in  ether.  The  crystals  lose  about  12  per  cent,  of 
water  when  heated : they  evolve  ammonia  when  triturated  with  caustic 
potassa,  and  nitric  acid  converts  them  into  a bitter  matter.  According 
to  Liebig,  anhydrous  asparagin  consists  of 

Liebig. 


Carbon  ..... 

8 

• « 

48 

. . 36.4 

Hydrogen  .... 

8 

» 0 

8 

. . 6.0 

Oxygen 

6 

• • 

48 

36.4 

Nitrogen 

2 

« • 

28 

21.2 

36.74 

5.94 

36.05 

21.27 


Anhydrous  asparagin  1 


132  100.0 


100.00 


The  crystals  include  2 atoms  of  water. 

Aspartic  Acid.  When  asparagin  is  long  boiled  with  hydrated  oxide 
of  lead,  magnesia,  or  other  bases,  it  is  resolved  into  ammonia,  and  into  a 
new  acid,  called  the  aspartic  acid , and  yet  asparagin  is  not,  as  might  be 
supposed,  an  aspartate  of  ammonia , because  the  alkalis  do  not  imme- 
diately separate  ammonia  from  it,  nor  do  acids  throw  down  aspartic  acid 
when  added  to  its  aqueous  solution. 

When  the  aspartate  of  lead  is  decomposed  by  sulphuretted  hydrogen, 
the  aspartic  acid  is  separated  in  the  form  of  a white  crystalline  powder, 
consisting  of  1 atom  of  anhydrous  acid  and  2 of  water.  The  anhydrous 
aspartic  acid  consists  of 

Liebig. 


Carbon 8 

Hyd  rogen 5 

Oxygen 6 

Nitrogen 1 


Anhydrous  aspartic  acid  . . 1 


48 

. . 41.7 

42.16 

5 

4.4 

4.37 

48 

. . 41.7 

. . 41.27 

14 

12.2 

12.20 

115 

100.0 

100.00 

Hence  we  see  that  1 atom  of  anhydrous  asparagin  = 132,  contains  the 
elements  of  1 atom  of  aspartic  acid  —115,  and  1 of  ammonia  =17:  or 


Asparagin. 


Aspartic  acid. 


Ammonia. 


(8  car  + 8 h + 6 o + 2 n)  = (8  car  + 5 h + c 0 + n)  + (3  h + n.) 
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4.  Daphnin.  The  existence  of  an  acrid  crystal lizahlc  principle  in 
mezereon  ( Daphne  mezereon ),  was  first  shown  by  Vauquelin  (Ann.  de 
Ckim .,  lxxiv.),  and  afterwards  its  properties  were  further  examined  by 
C.  G.  Gmelin  and  Bar,  in  1822.  A decoction  of  mezereon-bark  is  pre- 
cipitated by  subacetate  of  lead,  and  the  washed  precipitate  decomposed 
by  sulphuretted  hydrogen : the  solution  is  then  filtered,  evaporated,  and 
the  residue  digested  in  cold  anhydrous  alcohol,  from  which  daphnin 
crystallizes,  leaving  malic  acid  and  colouring-matter. 

Daphnin,  purified  by  washing  with  cold  alcohol,  solution  in  water, 
and  recrystallization,  forms  colourless  crystals,  bitter,  but  neither  alkaline 
nor  acid ; soluble  in  hot,  and  sparingly  in  cold  water,  soluble  in  alcohol 
and  ether,  converted  into  oxalic  acid  by  nitric  acid,  and  fusible,  before  it 
decomposes  by  heat. 

5.  Caffein.  Coffee  has  been  the  subject  of  many  chemical  researches, 
and  in  1821  a peculiar  crystallizable  principle  was  extracted  from  it  by 
Pelletier  and  Caventou,  and  by  Robiquet  and  Runge,  previous  to  which, 
Schrader  had  published  an  analysis  of  coffee-beans , of  which  the  following 
is  an  abstract.  (Berzelius,  Lehrbuch , iv.)  He  found  that  8 ounces  of 
raw  coffee  distilled  with  water,  gave  a turbid  and  odorous  distilled  water, 
but  the  quantity  of  oil  which  probably  produced  these  effects,  was  too 
small  to  collect.  The  decoction  in  the  retort  was  filtered,  and  was  then 
of  a yellow-green  colour : it  was  evaporated  to  syrup-consistence,  and 
mixed  with  alcohol,  sp.  gr.  0.85,  as  long  as  this  occasioned  a precipitate. 
The  filtered  solution  was  then  evaporated,  and  left  1 7-58  per  cent,  of  a 
brown  transparent  extract,  (Gmelin  s coffee-bitter ,)  soluble  in  water,  and 
having  the  characteristic  bitter  taste  of  the  raw  coffee-bean.  It  is 
insoluble  in  ether  and  in  absolute  alcohol,  and  sparingly  soluble  in 
alcohol  of  0.84,  but  its  aqueous  solution  is  not  precipitated  by  alcohol. 
It  is  not  altered  by  dilute  acids  or  alkalis ; the  last  deepen  its  colour, 
and  lime-water  precipitates  it  of  a green  colour : the  salts  of  iron  pro- 
duce with  it  a grass-green  colour,  and  a dark-green  precipitate  falls, 
soluble  in  excess  of  acid.  When  an  alkali  is  added  to  its  solution,  pre- 
viously mixed  with  a salt  of  copper,  a fine  green  precipitate  falls,  which, 
carefully  prepared  without  excess  of  oxide  of  copper,  may  be  used  as  a 
pigment.  Acetate  of  lead  precipitates  it  yellow-green,  and  protochloride 
of  tin,  gray ; and  when  these  precipitates  are  decomposed  by  sulphuretted 
hydrogen,  the  extractive  is  evolved  unchanged.  It  is  neither  precipitated 
by  gelatine  nor  by  infusion  of  galls.  It  yields  ammonia  on  destructive 
distillation,  and  a crystallized  sublimate. 

The  substance  precipitated  by  the  addition  of  alcohol  to  the  original 
decoction  of  the  coffee,  was  a mixture  of  3.6  per  cent,  of  brown  gum, 
and  37  pulverulent  extractive.  The  coffee-beans  also  contain  resin,  and 
a fat  oil,  which  may  be  extracted  by  alcohol.  The  insoluble  residue 
constituted  two-thirds  of  the  weight  of  the  beans.  When  burned, 
coffee-beans  leave  4 per  cent  of  ash,  consisting  of  carbonate  of  potassa, 
(the  base  of  which  was  combined  with  a vegetable  acid,)  sulphate  of 
potassa,  chloride  of  potassium,  carbonate  and  phosphate  of  lime,  mag- 
nesia, and  the  oxides  of  iron  and  manganese. 

The  crystallized  sublimate  alluded  to  by  Schrader  has  since  become 
the  subject  of  separate  examination ; it  is  the  caffein  of  Pelletier  and 
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others,  and  was  first  obtained  by  Runge  in  1820.  There  are  various 
methods  of  obtaining  it,  and  it  may  be  procured  in  considerable  quantity 
by  those  who  roast  large  quantities  of  coffee ; it  sublimes  in  a very 
impure  form,  but  is  easily  deprived  of  its  adhering  impurities.  The 
process  generally  recommended  for  its  preparation  is  that  of  Runge  ; it 
consists  in  making  a strong  aqueous  infusion  of  ground  raw  coffee,  adding 
to  it  a solution  of  sugar  of  lead,  which  occasions  a green  precipitate,  and 
leaves  the  supernatant  liquor  colourless : the  excess  of  the  salt  of  lead 
in  this  liquor  is  then  precipitated  by  sulphuretted  hydrogen,  it  is  filtered, 
and  evaporated  ; the  caffein  remains,  and  must  he  treated  by  animal 
charcoal  to  whiten  it,  and  recrystallized. 

Caffein  forms  white  silky  crystals,  soluble  in  boiling  water  and 
alcohol,  and  deposited  in  crystalline  filaments  as  these  solutions  cool  ; 
it  has  no  alkaline  reaction,  nor  does  it  saturate  acids ; it  is,  therefore,  not 
an  alkaloid ; yet  it  resembles  those  bodies  in  ultimate  composition,  con- 
sisting, according  to  Pfaff  and  Liebig,  (Ann.  de  Chim.  et  Phys .,  xlix. 
303,)  of 


Carbon 

....  8 

• * 

48 

• » 

49.5 

Hydrogen 

....  5 

• • 

5 

• • 

5.1 

Oxygen 

. . . . 2 

♦ » 

16 

• • 

16.5 

Nitrogen  . 

. . . . 2 

28 

0 • 

28.9 

Caffein 

• • • • 1 

97 

100.0 

Roasted  Coffee.  According  to  Cadet  (Ann.  de  Chim.,  lviii.),  coffee 
roasted  to  a pale-brown  colour,  loses  12.3  per  cent.;  to  a chestnut-brown, 
18.5  per  cent.,  and  to  a black,  23.7  per  cent.  So  that  the  ordinary  loss 
of  weight  in  coffee-roasting  may  he  estimated  at  about  12  to  14  per  cent . 
Schrader  found,  in  roasted  coffee, 


Extractive  matter  soluble  in  water  and  alcohol,  closely  resem- 
bling that  of  raw-coffee,  but  browner  and  deliquescent 
Brown  gum  ......... 

Extractive,  soluble  in  water,  but  insoluble  in  alcohol 

Oil  and  resin  ......... 

Insoluble  burned  woody  fibre  ....... 


12.5 

10.4 

5.7 

2.0 

69.0 


99.6 

When  roasted  coffee  was  distilled  with  water,  the  aroma  passed  over ; 
the  distilled  water  reddened  litmus,  and  had  the  agreeable  odour  of  the 
coffee.  When  raw  coffee  is  so  roasted  as  to  collect  the  volatile  products, 
a portion  of  fragrant  empyreumatic  oil  passes  over,  which,  in  the 
ordinary  mode  of  roasting,  is  lost.  According  to  Chevenix,  (Tilloch’s 
Magazine , xii.  350,)  a portion  of  tannin  is  formed  during  roasting;  and 
Cadet  states,  that  the  greatest  proportion  of  tannin  is  contained  in  slowly 
and  slightly-roasted  coffee,  and  that  when  it  is  very  brown  or  black,  its 
proportion  is  much  diminished.  This  product,  however,  probably 
depends  much  upon  temperature,  for  Paysse,  Schrader,  and  Runge, 
assert  that  gelatine  is  not  precipitated  by  an  infusion  of  roasted  coffee. 
Schrader  endeavoured  to  ascertain  the  particular  principle  to  which  the 
flavour  and  aroma  of  roasted  coffee  are  due,  by  exposing  each  of  the 
proximate  principles  of  unroasted  coffee  separately  to  heat;  but  he 
found  that  no  one  of  them  yielded  any  peculiar  flavour,  and  that  the 
ligneous  residue,  when  roasted,  acquired  as  much  of  the  characteristic 
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flavour,  as  when  the  other  principles  were  retained ; so  that  the  flavour 
of  roasted  coflee  must  be  ascribed  to  the  joint  effect  upon  all  the  con- 
stituents : the  caffein  seems  to  play  a very  passive  part  as  far  as  flavour 
is  concerned,  and  a considerable  proportion  of  it  remains  unchanged, 
after  roasting,  whilst  another  part  of  it  is  merely  volatilized. 

The  flavour  of  coffee  as  a beverage,  depends  in  the  first  place  upon 
the  roasting , and  in  the  next,  upon  the  mode  of  making  the  infusion  ; 
the  coffee  should  be  rapidly  but  well  roasted,  and  it  is  said  to  be  improved 
by  roasting  in  a close  vessel ; it  should  be  aired  and  ground  into  fine 
powder  immediately  before  use;  it  is  sometimes  boiled ',  and  sometimes 
infused ; in  the  former  case,  the  coffee  is  darker  coloured,  more  bitter, 
and  has  more  of  an  acid  flavour  than  when  infused,  and  the  infusion  in 
a close  vessel  is  more  aromatic  than  that  in  an  open  one,  especially  when 
the  coffee-pot  is  so  managed  as  to  steam  the  powder.  The  pleasantest 
flavour  is  obtained  by  placing  a sufficient  quantity  of  finely-ground  and 
freshly-roasted  coffee  upon  a filter,  (very  coarse  filtering  paper  in  a 
funnel  answers  very  well,)  and  pouring  boiling  water  upon  it  so  as  to 
filter  quickly  into  the  vessel  beneath.  When  coffee  is  boiled  it  is  apt  to 
be  thick,  unless  fined  by  the  addition  of  a little  white  of  egg,  or  isinglass, 
which  probably  carries  down  the  tannin. 

(3.  Cathartin.  a.  Lassaigne  and  Feneulle,  in  their  analysis  of  senna- 
leaves. , {Jour,  de  Phar .,  x.  59,)  obtained  from  them  a little  volatile  oil, 
having  the  nauseous  odour  of  the  infusion  of  senna.  A cold  infusion  of 
senna  contains  vegetable  albumen.  From  a decoction  of  senna  preci- 
pitated by  acetate  of  lead,  decomposed  by  sulphuretted  hydrogen,  and 
subjected  to  the  action  of  several  other  solvents,  they  obtained  a bitter 
purgative  principle,  which  they  called  cathartine ; but  from  the  com- 
plexity of  the  process,  it  seems  doubtful  how  far  the  product  is  to  be 
regarded  as  a real  proximate  principle  of  senna : the  whole  subject 
requires  revision.  The  effects  of  various  reagents  upon  an  infusion  of 
senna,  are  detailed  by  Mr.  Batley  in  the  London  Medical  Repository , 
(xv.  169.) 

7-  Colocyntin,  or  the  purgative  principle  of  the  pith  of  coloquintida, 
was  extracted  by  Yauquelin  from  that  substance  by  the  action  of  alcohol, 
which  left  on  evaporation  a resin-like  matter,  difficultly  soluble  in  water, 
readily  soluble  in  alcohol  and  in  acids  and  alkalis,  and  eminently  bitter 
and  purgative. 

8.  Elatin.  The  fruit  of  the  wild  cucumber  ( Cucumis  elaterium ) 
furnishes  a very  acrid  juice,  which  deposits  the  powerful  cathartic  known 
under  the  name  of  elaterium.  This  substance  occurs  in  commerce  in 
thin  cakes  of  a greenish  colour  and  bitter  taste ; it  derives  its  cathartic 
powers  from  a small  portion  of  a very  active  principle,  which  Dr.  Paris 
has  called  Elatin.  ( Pharmacologia .)  From  10  grains  of  elaterium,  he 
obtained, 

Water  ........  0.4 

Extractive  . . . . . . . 2.0 

Fecida  ........  2.8 

Gluten 0.5 

Woody  matter  ......  2.5 

Elatin  1 , o 

Bitter  principle  ’ 


10 
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By  boiling  elaterium  in  alcohol,  distilling  off  the  greater  part  of  the 
solvent,  and  setting  the  remainder  aside  to  evaporate  spontaneously,  Mr. 
Ilennell  obtained  a green  resin , in  which  the  purgative  quality  resides, 
and  a crystallized  substance ; he  separated  these  by  the  action  of  ether, 
which  took  up  the  resin  and  left  the  crystallized  product ; the  latter  was 
purified  by  solution  in  hot  alcohol  and  crystallization : it  was  nearly 
insoluble  in  water  and  in  ether,  but  soluble  in  hot  alcohol,  bitter,  fusible  at 
about  350°,  neither  acid  nor  alkaline,  and  composed  of  36.9  carbon,  23.9 
hydrogen,  and  39.2  oxygen  per  cent.  In  elaterium,  Hennell  found  40  per 
cent,  of  the  crystallizable  matter,  and  21  of  the  purgative  resin,  the  residue 
being  lignin,  starch,  and  earthy  matter.  {Jour.  R.  Inst.  N.  S.,  i.  532.) 

9.  Riiabarbarin.  The  purgative  principle  of  rhubarb  is  stated  by 
Nani,  of  Milan,  to  be  an  alkaloid,  but  the  details  of  his  experiments 
have  not  been  given.  (Quart.  Jour.,  xvi.  172.) 

The  root  of  rhubarb  (Rheum  palmatum ,)  as  it  occurs  in  commerce, 
has  been  examined  by  Schrader  and  myself  with  the  following  results. 


Water  . . . .8.2 

Gum  ....  31.0 

Resin  ....  10.0 

Extract,  Tan,  and  Gallic  acid  20.0 
Phosphate  of  lime  . . 2.0 

Malate  of  lime  . . .6.5 

Woody  fibre  . . . 16.3 

(Braude,  Quart.  Jour.,  x.  291,)  100.0 


Resin  .....  2.8 

Rhabarbarin  . . . 24.0 

Mucilage  . . . .14.8 

Woody  fibre  . . . 47.0 

Oxalate  of  lime  . . . 9.0 

Loss  ....  2.4 

(Schrader,  Gme tin's  Handbuch,)  100,0 


10.  Rhein.  When  1 part  of  powdered  rhubarb  is  gently  heated  with 
8 of  nitric  acid,  sp.  gr.  1.37,  and  the  liquor  evaporated  to  the  consistence 
of  syrup,  and  diluted  with  cold  water,  an  orange -coloured  powder  is 
deposited,  which  M.  Yaudin  has  termed  Rhein  ; it  is  inodorous,  bitter, 
sparingly  soluble  in  cold  water,  soluble  in  alcohol,  ether,  and  boiling 
water,  reddened  by  the  alkalis,  and  rendered  paler  by  the  acids.  It  is 
stated  not  to  be  a product , but  to  pre-exist  in  rhubarb,  and  to  be 
extracted  from  the  root  by  ether : it  requires  re-examination. 

1 1 . Riiaponticin  is  a substance  obtained  from  the  Rheum  rhaponticum , 
in  the  form  of  yellow  scales,  inodorous,  insipid,  and  insoluble  in  cold 
water ; soluble  in  24  parts  of  boiling  water,  and  in  2 of  anhydrous 
alcohol.  (Hornemann.) 

12.  Gentianin.  This  principle  has  been  extracted  by  the  following 
process  from  the  root  of  the  Gentiana  lutea *,  by  Henry  and  Caventou. 
(Majendie’s  Formulary , translated  by  Gregory.) 


* Many  other  bitter  substances  have 
been  described  as  distinct  ’proximate 
principles , but  tlieir  title  to  that  character 
is  so  doubtful,  that  I have  here  omitted 
their  enumeration.  They  generally  par- 
take of  the  above-described  characters 
either  of  gum,  resin,  or  extractive. 
Hops  contain  a bitter  extractive  matter, 
which  has  been  termed  lupulin , a name 
first  applied  by  Dr.  Ives,  of  New  York, 
to  the  pollen,  or  condition  of  the  hop, 
which  consists  of  36  resin,  12  wax,  11  ' 


bitter  extract  or  lupulin , 5 tannin,  10 
extractive  insoluble  in  alcohol,  and  46 
insoluble  residue.  (See  also  Payen  and 
Clievallier,  Jour  de  Phar.,  viii.  216.) 
Some  of  these  bitters  have  been  alluded 
to  above. 

Bryonin , obtained  by  Vauquelin  and 
Braudes  from  the  Bryonia  alba:  cytisin , 
from  the  Cytisus  laburnum , by  Cheval- 
lier  and  Lassaigne;  scillitin,  from  the 
S cilia  maritima , by  V ogel ; senegin , from 
the  Poly  gala  senega , by  Gehlen;  sapo 
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“ Treat  powdered  gentian  with  cold  ether,  which  in  forty-eight  hours 
furnishes  a greenish-yellow  tincture ; this  being  filtered,  poured  into  an 
open  vessel,  and  exposed  to  heat,  passes  on  cooling,  (if  the  liquor  he 
sufficiently  concentrated,)  into  a yellow  crystalline  mass,  with  the  odour 
and  taste  of  gentian  very  powerfully  developed.  This  mass  is  to  he 
treated  with  alcohol,  until  it  ceases  to  yield  a citron-colour.  The 
washings  are  then  to  he  united  and  exposed  to  a strong  heat,  when  the 
crystalline  substance  reappears  and  concretes  towards  the  close  of  the 
evaporation  into  a mass  which  is  exceedingly  hitter.  This,  taken  up 
again  by  weak  alcohol,  is  dissolved,  with  the  exception  of  a certain 
quantity  of  oily  matter.  The  last  spirituous  solution,  besides  the  hitter 
principle  of  gentian,  contains  an  acid  substance  and  the  odorous  matter 
also. 

“ By  evaporating  this  liquid  to  dryness,  washing  the  residue  in  water, 
adding  a little  calcined  and  well-washed  magnesia,  boiling,  and  evapo- 
rating in  a water-bath,  the  greater  part  of  the  odorous  matter  of  the 
gentian  is  dispersed,  the  acidity  is  removed  by  the  magnesia,  and  the 
bitter  principle  remains  partly  free  and  partly  combined  with  the 
magnesia,  to  which  it  imparts  a fine  yellow  colour.  O11  boiling  this 
magnesia  with  ether,  the  greater  part  of  the  bitter  principle  is  obtained, 
which  may  be  isolated  and  rendered  pure  by  evaporation.  If  it  be 
desired  to  separate  the  greater  part  of  the  bitter  principle  that  remains 
in  the  magnesia  in  a fixed  state,  and  which  could  not  be  taken  up  by  the 
ether,  we  may  treat  it  with  oxalic  acid  in  sufficient  quantity  to  produce 
slight  acidity.  The  acid  seizes  upon  the  magnesia,  and  sets  the  bitter 
principle  at  liberty,  which  may  be  recovered  in  the  manner  already 
described. 

“ Gentianine  is  yellow,  inodorous,  possessing  in  a powerful  degree  the 
aromatic  bitter  taste  of  gentian,  which  is  very  much  increased  by  solution 
in  an  acid.  It  is  very  soluble  in  ether  and  alcohol,  and  separates  by 
spontaneous  evaporation  under  the  form  of  delicate  crystalline  needles  of  a 
yellow  colour.  It  is  much  less  soluble  in  cold  water,  which  it  renders  not- 
withstanding very  bitter ; boiling  water  more  readily  dissolves  it.  Diluted 
alkalis  heighten  its  colour  very  much,  and  dissolve  a little  more  of  it 
than  water.  Acids  diminish  its  yellow  colour  in  a very  remarkable 
manner.  With  sulphuric  and  phosphoric  acids  the  solution  is  almost 
colourless ; but  with  the  weaker  acids,  such  as  acetic,  it  is  still  yellowish. 
Concentrated  sulphuric  acid  carbonizes  it  and  destroys  its  bitterness. 
Exposed  in  a glass  tube  to  the  heat  of  boiling  mercury,  gentianine 
sublimes  in  the  form  of  small  yellow  crystalline  needles,  and  is  partially 
decomposed.  It  has  no  sensible  effect  on  turnsol,  either  when  blue  or 
reddened  by  acids.  It  is  apparently  neutral.” 


nin,  from  the  Saponaria  officinalis  ; I 
guaranin , from  the  fruit  of  the  Paullinia 
sorbilis,  by  Martins ; Columbia , from 
Calumba  root , are  a few  of  tlie  active 
principles  of  plants  which  have  been 
regarded  as  distinct  proximate  compo- 
nents. Among  the  investigations  of 
this  kind,  those  relating  to  sarsaparilla 
seem  to  hold  out  promising  results,  for 


| there  are  peculiarities  belonging  both  to 
the  chemical  and  medical  properties 
of  the  root,  which  will  probably  be 
traced  to  a distinct  substance.  The 
parillin  and  smilacin  of  Pallotta  and 
Folchi  I have  not  been  able  to  identify. 
The  systems  of  Berzelius  and  Gmelin 
may  be  consulted  for  abstracts  of  Avhat 
is  known  upon  the  above  subjects. 
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13.  Thein.  According  to  Oudry,  tea-leaves  contain  a peculiar  prin- 
ciple, (salifiable  base?)  which  lie  says  may  be  separated  as  follows  (Ber- 
zelius, Lehrbuch , iv.)  12  parts  of  tea  were  infused  for  twenty-four  hours 
in  200  of  cold  water,  in  which  three  of  common  salt  were  dissolved.  The 
infusion  was  evaporated  to  dryness,  and  the  residue  digested  in  alcohol  of 
0.81 ; the  residue  of  this  alcoholic  tincture  was  then  dissolved  in  water, 
and  digested  with  magnesia,  and  filtered.  On  evaporating  the  filtered 
liquor  to  a certain  degree  of  concentration,  crystals  of  thein  were 
obtained,  and  the  magnesian  residue,  digested  in  alcohol,  yielded  a further 
portion. 

Thein  requires  30  to  40  parts  of  water  at  50°  for  solution,  and  crys- 
tallizes irregularly  on  evaporation.  When  heated,  it  first  fuses  and  is 
then  decomposed.  It  has  no  alkaline  properties  to  tests,  but  it  forms 
crystallizable  compounds  with  sulphuric  and  with  citric  acid.  Berzelius 
observes  that  these  statements  require  corroboration. 

Some  years  ago  I examined  the  varieties  of  tea  in  common  use  ( Quar- 
terly Journal , xii.,  201),  and  found  that  the  quantity  of  astringent 
matter  precipitable  by  gelatine  is  somewhat  greater  in  green  than  in  black 
tea,  though  the  excess  is  by  no  means  so  great  as  the  comparative  flavours 
of  the  two  would  lead  one  to  expect.  The  entire  quantity  of  soluble 
matter  is  also  greater  in  green  than  in  black  tea,  but  the  extractive  matter 
not  precipitable  by  gelatine  is  greater  in  the  latter. 

The  following  table  shows  the  respective  quantities  of  soluble  matter 
in  water  and  in  alcohol,  the  weight  of  the  precipitate  by  isinglass,  and  the 
proportion  of  inert  woody  fibre  in  green  and  black  tea  of  various  prices. 
It  is  given,  not  as  throwing  any  important  light  upon  the  cause  of  the 
different  qualities  and  effects  of  tea,  but  as  containing  the  results  of  actual 
experiments.  It  will  be  remarked,  that  when  tea-leaves  have  been 
exhausted  by  water  repeatedly  affused,  alcohol  is  still  capable  of  extracting 
a considerable  quantity  of  soluble  matter:  the  alcoholic  extract,  infused 
in  boiling  water,  furnishes  a liquid  which  smells  and  tastes  strongly  of 
tea,  and  which,  were  it  not  for  the  expense  of  the  solvent,  and  the  trouble 
attending  its  separation,  might  perhaps  be  profitably  employed. 


One  hundred  parts  of  Tea. 

Soluble  in 
Water. 

Green  Hyson  . 

14s. 

per  lb. 

41 

12  s. 

55 

34 

55 

10s. 

55 

36 

55 

8s. 

55 

36 

55 

7 s. 

55 

31 

Black  Souchong 

12s. 

55 

35 

•» 

10s. 

55 

34 

8s. 

55 

37 

55 

7s. 

55 

36 

55 

6s. 

55 

35 

Soluble  in 

Precipitate 

Inert 

Alcohol. 

with  Jelly. 

Residue. 

44 

31 

56 

43 

2.9 

57 

43 

26 

57 

42 

25 

58 

41 

24 

57 

36 

28 

64 

37 

28 

63 

35 

28 

63 

35 

24 

64 

31 

23 

65 
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§ XX.  Parts  of  Plants. 

I shall  include  in  this  section  a short  notice  of  the  chemical  components 
of  some  of  the  parts  of  plants  useful  in  medicine  and  the  arts,  and  which 
I have  not  elsewhere  noticed.  The  third  volume  of  Berzelius'  Lehrbuch 
(German  or  French  translation),  and  the  article  on  Chemical  Botany  in 
Leopold  Gmelins  Handbuch  (vol.  iv.),  may  he  referred  to  for  further 
details. 

1.  Boots.  Allium  sativum , and  Allium  cepa.  Garlic  and  onions 
have  been  hut  imperfectly  examined.  They  both  yield,  on  pressure, 
a juice  strongly  odorous,  and  which  reddens  on  exposure  to  air,  and  is 
acid ; they  yield  a volatile  oil  on  distillation,  and  onions  afford  mannite. 
(p.  906.) 

Amomum  curcuma , or  Curcuma  longa.  Turmeric- root , as  a colour- 
ing-material, has  been  above  noticed  (p.  942).  It  contains,  according  to 
John,  1 yellow  volatile  oil,  12  resin  like  gamboge,  14  gum,  5 7 lignin. 
Turmeric  is  cultivated  in  the  East  Indies,  and  used  as  a condiment,  espe- 
cially in  Curry-powder.  Digested  in  water  or  alcohol,  it  furnishes  a 
large  proportion  of  yellow  colouring-matter.  Most  of  the  acids  render 
it  paler,  and  the  alkalis  change  it  to  a -deep  brick-red;  hence  its  use  as  a 
test  of  the  presence  of  alkaline  matter.  It  is  also  reddened  by  boracic 
acid,  and  by  muriatic  acid  gas.  Some  of  the  peculiarities  of  the  colouring- 
principle  of  turmeric  have  been  noticed  by  M.  Desfosses  (Ami.  de  Chim. 
et  Phys .,  xvi.,  75),  and  by  Mr.  Faraday  (Quar.  Jour .,  xi.,  403). 

Amomum  zinziber.  (Bucli olz.)  Ginger-root  contains  1.56  volatile 
oil,  3.6  acrid  resin,  10.5  acrid  and  sourish  extractive,  12.5  gum,  19.75 
starch?  8.3  mucilage,  26  extractive,  8 lignin,  remainder  water  and  loss. 

Angelica  archangelica.  Essential  oil  and  fragrant  aromatic  resin  6.7, 
bitter  extract  12.5,  gum  33.5,  inulin  4,  matter  soluble  in  alkali  7>3, 
lignin  30,  water  and  loss  6.  (John.) 

Anthemis  pyrethrum.  The  stimulating  power  of  this  root  upon  the 
salivary  glands  is  due  to  its  soft  resin.  It  contains  traces  of  volatile  oil, 
soft  resin  5,  yellow  extractive  14,  gum  11,  inulin  33,  lignin  35.  (Gautier.) 

Aristolochia  serpentaria.  Volatile  oil  0.5,  yellow  soft  resin  2.85, 
extractive  1-70,  saponaceous  gum  18.10,  lignin  62.4,  water  and  loss  14.5. 
(Bucholz.) 

Asarum  europceum.  In  the  root  Lassaigne  and  Eeneulle  found  a crys- 
tallizable  volatile  oil,  somewhat  resembling  camphor.  It  has  been  called 
asarin. 

Aspidium  flix  mas.  Male  fern-root  contains,  according  to  Morin,  a 
trace  of  volatile  oil,  fat  oil,  sugar,  starch,  tannin,  pectine,  malic  and  gallic 
acids  combined  with  lime  and  potassa,  phosphate  of  lime,  and  lignin;  its 
ashes  yielded  silica,  alumina,  and  oxide  of  iron. 

Berberis  vulgaris.  The  root  yielded  2.55  of  brown  colouring-matter, 
precipitable  by  acetate  of  lead;  6.62  of  a fine  yellow  extract  (dye-stuff ), 
not  so  thrown  down;  gum  0.35,  starch  0.2,  oil  0.4,  soft  resin  0.55,  lignin 
55.4,  water,  earthy  and  alkaline  salts,  &c.,  35. 

Beta  vulgaris.  Common  beet-root.  (See  pp.  905,  922). 
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Brassica  rapa.  Turnips.  (See  pp.  896,  922.) 

Bryonia  alba.  Bryonin  has  been  above  adverted  to.  According  to 
Brandes  and  Firnhaber  the  root  contains,  bryonin  and  a little  sugar  1.9, 
resin  and  a little  wax  3.4,  mucilage,  gum,  starch,  and  pectine  29.4,  albu- 
men 6.5,  extractive  1.7,  lignin  15.25,  water  20. 

Calicocca , or  Cephaelis  ipecaciumha.  Pyscotria  emetica.  Ipeca- 
cuanha-root has  been  examined  by  MM.  Pelletier  and  Majendie,  and  an 
account  of  their  researches  is  published  by  M.  Robiquet,  in  the  Ann.  de 
Chim.  et  Phys .,  iv.,  172.  100  parts  of  this  root,  deprived  of  the  woody 

fibre  which  traverses  its  centre,  afforded, fatty  matter  2,emetina  14,  gum  16, 
starch  18,  woody  fibre  48,  a trace  of  wax,  loss  2.  The  means  of  separating 
the  emetic  principle  have  already  been  described.  (See  p.  1040.) 

Cichorium  intibus.  Succory-root  is  much  used  in  Germany  and  else- 
where, when  roasted,  as  a substitute  for  coffee:  it  has  not  been  satisfac- 
torily analyzed.  According  to  Juch  it  contains  0.25  bitter  extractive, 
0.03  resin,  traces  of  sugar,  and  the  rest  lignin. 

Cochlearia  armor acia.  Horseradish.  Einhof  obtained  from  4 pounds 
of  the  fresh  root,  3 lbs.  2 oz.  water,  20  grains  volatile  oil,  31.5  grs. 
albumen,  1.5  oz.  and  20  grs.  of  starch,  1.5  oz.  of  gum  and  sugar,  6 grains 
bitter  resin,  1 drachm  41  grs.  acetate  of  lime,  sulphate  of  lime,  and  acetic 
acid,  8 oz.  lignin. 

Colchicum  autumnale.  (See  Veratria , p.  1035.)  The  bulbs  contain  a 
fatty  matter  resembling  that  of  veratria,  and  of  sabadilla  seed?  also  gum, 
inulin,  starch,  extractive,  gallate  of  veratria,  and  lignin.  100  lbs.  of  the 
recent  bulbs  yield  between  18  and  19  lbs.  of  pharmaceutical  extract. 

Columbo.  The  supposed  existence  of  a distinct  principle  in  this  root, 
has  been  adverted  to;  it  contains,  according  to  Planclie,  one-third  its 
weight  of  starch,  and  a peculiar  nitrogenous  principle,  to  which  the  ten- 
dency of  its  infusion  to  putrefy  is  ascribed ; also  a peculiar  yellow  bitter, 
not  thrown  down  by  metallic  salts,  and  soluble  in  water  and  alcohol,  to 
which  its  medical  virtues  are  due:  one-tliird  its  weight  is  lignin.  The 
average  produce  of  pharmaceutical  extract  of  columbo  is  62  per  cent. 

Convolvulus  jalappa.  Jalap , analyzed  by  Cadet  de  Gassicourt,  yielded 
10  resin,  5 starch  and  albumen,  44  gummy  extract,  28  lignin,  exclusive 
of  salts,  water,  and  loss.  The  supposed  existence  of  jalapin  has,  I believe, 
not  been  verified.  The  average  produce  of  pharmaceutical  extract  of 
jalap  {Bond.  Phar .)  is  66  per  cent. 

Crameria  triandra.  Rhatany  root.  38.3  tannin,  6.7  sweet  extractive, 
2.5  azotised  mucilage,  8.3  starch,  43.3  lignin. 

Daucus  carota.  Carrots  have  been  mentioned  as  a source  of  sugar 
and  pectine  (pp.  864,  922.)  Hermbstadt  obtained  6^  lbs.  of  syrup  from 
124  lbs.  of  carrots. 

Gentiana  lutea.  (Seep.  1046.)  According  to  TIenry  {Ann.  of  Phil., 
xvi.,  98),  gentian  contains  the  following  substances:  1.  a substance 
resembling  bird-lime ; 2.  a resin  combined  with  oil,  which  gives  to  gentian 
its  peculiar  odour;  3.  a bitter  extractive  principle;  4.  gum  and  colouring- 
matter;  5.  phosphate  of  lime?  100  lbs.  of  gentian-root  yield  about  62  of 
pharmaceutical  extract. 

Glycyrrhiza  glabra.  Two  of  the  compounds  of  liquorice-root  have 
already  been  mentioned,  namely,  a peculiar  sugar , and  asparagin , 
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(pp.  997,  1042.)  Robiquet  found  in  it  the  following  substances  {Ann.  de 
C/dm .,  lxx.):  1.  starch;  2.  gluten;  3.  liquorice-sugar;  4.  phosphate  and 
malate  of  lime  and  magnesia;  5.  an  acrid  oil;  6.  a crystallizable  substance 
resembling  asparagin;  7-  woody  fibre. 

Inula  helenium.  (See  Inulin , p.  914.)  Elecampane-root  contains, 
volatile  oil  0.4,  wax  0.0,  acrid  soft  resin  1.7,  bitter  extractive  soluble  in 
alcohol  and  water  30.7,  gum  4.5,  inulin  30.7,  albuminous  matter  13.9, 
lignin  5.5.  (John.) 

Leontodon  taraxacum.  Dandelion-root  is  stated  by  John  to  contain 
in  its  milky  j uice,  a portion  of  caoutchouc,  besides  sugar  and  gum,  and  a 
very  small  quantity  of  bitter  extractive.  100  lbs.  of  the  fresh  root  yield 
1 1 lbs.  of  pharmaceutical  extract. 

Mar  ant  ha  arundinacea.  The  root  of  this  plant  has  been  mentioned 
as  a source  of  the  species  of  starch  which  we  call  arrow-root.  The  fresh 
root  contains,  according  to  Benzon,  volatile  oil  0.7,  starch  26,  albumen  1.58, 
gummy  extract  0.6,  lignin  6,  water  65.6. 

Orchis  mascula.  The  root,  called  salep , contains  starch  and  mucilage. 

Pastinaca  sativa.  From  124  lbs.  of  parsneps  Hermbstadt  obtained 
5^  lbs  of  syrup : according  to  Drapier  they  yield  12  per  cent,  of  sugar. 

Poli/gala  senega.  Senega-root  yields  7-5  soft  resin,  6.15  senegin , 
26.85  extractive,  9.5  gum  and  albumen,  46  lignin. 

Rheum  palmatum.  (See  p.  1046.)  100  lbs.  of  Indian  rhubarb  yielded 

69  lbs.  of  aqueous  extract. 

Rubia  tinctorum.  Madder-root  is  an  article  of  great  importance  in 
dyeing;  it  grows  wild  in  most  parts  of  the  south  of  Europe,  and  is  largely 
cultivated  in  some  parts  of  Holland  and  the  Levant;  its  red  colour  is  apt 
to  be  injured  by  drying,  a process  requiring  much  caution.  Good  mad- 
der has  a strong  and  peculiar  smell ; it  exhibits,  when  cut,  a cortical,  and 
a woody  part  of  a red  colour,  intermixed  in  the  former  with  yellow 
spots.  The  red  portion  is  most  soluble.  A peculiar  substance,  obtained 
from  madder,  has  already  been  noticed  under  the  name  of  Alyzarine. 
(See  p.  936.) 

Scorzonera  hispanica.  The  fresh  root  of  this  plant  contains,  9 starch, 
3 resin,  10  extractive,  32  water,  46  lignin.  (Juch.) 

Smilax  sarsaparilla.  The  varieties  and  uses  of  this  root  I have 
described  in  the  Manual  of  Pharmacy . See  also  p.  1047,  note.  Cannobio’s 
analysis  is  as  follows:  acrid  bitter  resin  2.8,  gummy  extract  5.5,  starch 
54.2,  lignin  27-8,  loss  9.7*  The  relative  quantity  of  starch  compared 
with  that  of  extractive  is  enormously  great  in  some  species  as  compared 
with  others.  The  average  produce  of  the  red  sarsaparilla  in  pharma- 
ceutical extract  is  33  per  cent. 

Solanum  tuberosum.  The  analyses  of  potatoes  have  been  given  else- 
where. (See  p.  908,  note.) 

Triticum  repens.  The  root  of  this  species  of  grass  abounds  in  sugar; 
100  parts  of  dry  root  (:=  112  fresh)  yield  17  to  18  parts  of  an  agreeable 
syrup,  (. Mellago  graminis  of  foreign  pharmacy.)  Pfaff  has  rendered  it 
probable  that  it  contains  manna-sugar. 

Valeriana  officinalis.  The  acid  of  this  root  has  been  above  described. 
It  contains,  according  to  Trommsdorff,  volatile  oil  1.2,  a peculiar  extrac- 
tive, including  the  acid?  12.5,  gum  18.75,  an  odorous  soft  resin  6.25. 
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The  essential  oil  is  the  seat  of  the  odour.  100  lbs.  of  clean  valerian  root 
yield  between  38  and  39  of  pharmaceutical  extract. 

Veratrum  album.  See  ver atria  (p.  1035.)  The  root  contains  a 
peculiar  fatty-matter,  yellow-  extract,  gallate  of  veratria,  gum,  starch,  and 
lignin. 

2.  Barks.  Msculus  hippocastanum.  The  bark  of  the  horse-chestnut 
has  been  partially  examined  by  M.  Henry.  {Ann.  de  Chim .,  lxxvii.)  It 
appears  to  contain  scarcely  any  resin ; water  and  diluted  alcohol  dissolve 
nearly  the  whole  of  its  soluble  contents,  which  are  chiefly  extractive  and 
mucilage.  Tincture  of  galls  does  not  render  its  infusion  turbid ; it  does 
not  contain  an  alkaloid.  According  to  Pelletier  and  Caventou,  this  bark 
contains  a green  fixed  oil,  a red  resin,  a red  extract,  a yellow-bitter 
extract,  tannin,  gum,  and  a free  acid.  (See  esculic  acid , p.  966,  note.) 

Brucia  antidysenterica.  The  bark  of  this  tree  is  in  fact  angustura 
bark  (Bonplandia  trifoliata),  and  not  the  spurious  angustura , which  is  the 
bark  of  a strychnos.  (See  p.  1032.)  Angustura  bark  {cusparia  bark  of 
our  pharmacopoeia),  contains,  according  to  Fischer,  acrid  volatile  oil  0.3, 
bitter  hard  resin  1.7,  balsamic  soft  resin  1.9,  bitter  extractive,  with  a 
trace  of  caoutchouc,  3.7,  gum  5.7,  lignin  89.1. 

Cinchona  lancifolia , cor  difolia , and  oblong  folia,  and  other  species. 
(See  cinchonia , quinia , &c.)  The  varieties  of  Peruvian  bark  have  been 
examined  by  MM.  Pelletier  and  Caventou.  In  the  cinchona  lancifolia , 
or  p>Ae  bark,  they  found  the  following  constituent  parts:  1.  Cinchonia, 
combined  with  kinic  acid;  2.  green  fatty  matter;  3.  red  and  yellow 
colouring-matter;  5.  tannin;  5.  kinate  of  lime;  6.  gum;  7*  starch; 
8.  lignin. 

In  yellow  bark  they  found,  1.  quinia,  with  kinic  acid;  2.  yellow  fatty 
matter;  3.  yellow  colouring-matter;  4.  tannin;  5.  kinate  of  lime;  6. 
starch;  7*  lignin.  In  red  bark  the  same  substances  as  in  the  2 former. 
There  can  be  no  doubt  that  the  tannin,  and  probably  the  colouring 
extractives,  as  well  as  the  alkaloids  and  the  kinic  acid,  all  contribute 
to  the  medical  efficacy  of  these  barks.  The  produce,  in  pharmaceutical 
extract,  of  pale  bark,  is  about  36  per  cent. 

Croton  cascarilla.  This  bark,  analyzed  by  Trommsdorf,  gave  1.6 
volatile  oil,  15.5  bitter  soft  resin,  18.7  bitter  gummy  extractive,  65.6 
lignin.  100  lbs.  of  cascarilla  bark  yield  about  30  of  pharmaceutical 
extract. 

Daphne  Mezereon.  Gmelin  and  Bar  obtained  from  mezer  eon-bark, 
daphnin  (p.  1 043),  wax,  acrid  resin,  yellow  colouring-matter,  a saccharine 
and  brown  extract,  gum,  malic  acid,  lignin,  and  several  salts.  (See  Ber- 
zelius, for  details.) 

Laurus  Cassia.  The  bark  contains  volatile  oil  0.8,  tasteless  pale- 
brown  roft  resin  4,  gummy  extract  14.6,  lignin  64.3,  water  and  loss  16.3. 
(Bucholz.) 

Laurus  Cinnamomum.  The  finest  Ceylon  cinnamon-bark  yields 
essential  oil,  a soft  aromatic  resin  soluble  in  ether,  tannin,  extractive, 
gum,  and  above  80  per  cent,  of  lignin.  (Vauquelin.) 

Linus  silvestris.  The  inner  bark  of  the  young  Scotch  fir  was,  for 
many  years,  used  by  West  ring  in  the  cure  of  intermittents.  Berzelius 


WOODS. 


1053 


found  in  it  soft  resin  0.9,  tannin  with  extractive  6.65,  a hitter  extractive, 
precipitable  by  subacetate  of  lead,  and  containing  sugar,  15.0,  cinchonate 
of  lime  0.53,  a gelatinizing  principle  18.15,  water  and  loss  5.25.  Ber- 
zelius considers  the  gelatinizing-matter  to  be  peetic  acid  and  starch;  and 
hence  the  nutritive  property  of  this  bark,  which  induces  the  peasantry  in 
northern  countries  to  use  it  as  a substitute  for  bread  in  years  of  scarcity. 
(See  p.  920.)  The  soft  resin  is  turpentine? 

Quassia  simarouba.  The  bark,  used  in  medicine,  contains  a volatile 
oil,  bitter  extract,  traces  of  gallic  acid,  and  many  salts. 

Quercus  robur.  Oak-bark.  (See  p.  926.)  100  lbs.  of  oak-bark  yield, 

on  an  average,  20  lbs.  of  aqueous  extract. 

Ulmus  campestris.  Elm-bark  contains  a green  fatty  matter,  soluble 
in  alcohol  and  ether;  it  is  obtained  by  the  action  of  water  upon  the 
alcoholic  extract  of  elm-bark,  which  leaves  it  soluble  in  ether.  This  bark 
also  contains  a peculiar  gelatinous  matter  (a  salt  of  pectine?)  A peculiar 
and  modified  extractive  oozes  from  elm-bark,  which  I have  above 
described  under  the  name  of  ulmin.  Berzelius  justly  inveighs  against  the 
application  of  that  term  to  a variety  of  dissimilar  products. 

Wintera  aromatica  or  Winter  aniacanella;  Winter’s  canella-bark : it 
contains  an  acrid  volatile  oil,  mild  resin,  coloured  extractive,  a peculiar 
kind  of  extractive  and  of  sugar,  gum,  starch,  albumen,  lignin,  and  several 
salts.  (Henry,  Petroz,  and  Bobinet.) 

Zanthoxylum  caribceum.  (Z.  clava  Herculis .)  The  bark  of  this  tree 
is  used  in  the  Antilles  as  a febrifuge ; Chevallier  and  Pelletier  found  in 
it  a peculiar  principle,  which  they  termed  zanthopicrite.  It  is  soluble  in 
water,  very  soluble  in  alcohol,  insoluble  in  ether;  it  forms  yellow  silky 
crystals,  and  is  very  bitter  and  astringent;  it  has  no  alkaline  reaction; 
animal  charcoal  abstracts  it  from  its  aqueous  solution,  and  hot  alcohol 
extracts  it  again  from  the  charcoal.  ( Jour . de  Chim.  Med .,  ii.,  314.) 

3.  Woods.  Ccesalpinia  crista.  Fernambuc  or  Brazil-wood.  Peach- 
wood?  (See  p.  937-)  This  tree  grows  in  Brazil,  in  the  Isle  of  France, 
Japan,  and  other  countries:  the  wood  is  hard  and  heavy,  and,  though 
pale  when  recent,  it  acquires  a deep-red  colour  by  exposure.  Digested 
in  water,  it  affords  a fine  red  infusion,  of  a sweetish  flavour:  the  residue, 
which  appears  nearly  black,  imparts  much  of  colour  to  alkaline  liquors. 
With  alcohol,  it  gives  a deep-red  tincture ; alkalis  and  soap  convert  its 
red  colour  to  a fine  purple:  hence  paper,  tinged  with  Brazil-wood,  is 
sometimes  used  as  a test  for  alkalis;  acids  render  it  yellow;  alum  pro- 
duces a fine  crimson  lake  with  infusion  of  Brazil-wood;  chloride  of  tin 
forms  with  it  a crimson  precipitate,  bordering  on  purple;  the  salts  of  iron 
give  a dingy  purple  colour.  Sulphuretted  hydrogen  destroys  the  colour 
of  infusion  of  Brazil-wood,  but  it  re-appears  on  expelling  the  gas. 
(Chevreul,  Annates  de  Chimie , lxvi.) 

Guaiacum  officinale.  Lignum-vitce.  Hagen  obtained  3 per  cent,  of 
resin  of  guaiacum  (p.  977?  note')  from  this  wood.  From  1 ounce  of  rasped 
wood  Trommsdorf  obtained  (in  different  samples)  from  35  to  1 60  grains 
of  matter  soluble  in  alcohol,  and  from  45  to  96  grains  of  watery  extract. 
When  guaiacum-wood  is  boiled  in  water  a small  part  of  the  resin  is  dis- 
solved; the  residue  becomes  blue  by  exposure  to  air.  {Phil.  Trans , 1811.) 


1054 


HERBS.  FUNGI. 


LICHENS,.  &c. 


Hcematoxylon  campechianum . Logwood.  (See  dye-stuffs , p.  937-) 
This  wood  imparts  a fine  purple  or  crimson  colour  to  pure  water,  but  its 
tint  is  altered  by  the  slightest  metallic  impregnation;  alkalis  deepen  it, 
and  acids  render  it  paler;  alum  forms’ with  it  a violet-coloured  lake; 
sulphate  of  iron  renders  the  infusion  of  logwood  deep  purple,  or  nearly 
black;  sulphate  of  copper  and  acetate  of  lead  throw  down  brown  and 
purple  precipitates;  and  muriate  of  tin  precipitates  the  rvhole  of  the 
colouring-matter  in  the  form  of  a purple  compound.  Many  of  the  colours 
which  logwood  produces  are  not  very  durable.  (Bancroft,  on  Permanent 
Colours , ii.,  338.  Chevreul,  Annales  de  Chimie , lxvi.,  254.)  100  lbs.  of 

logwood  yield  25  lbs.  of  pharmaceutical  extract. 

Moms  tinctoria.  (See  p.  941.) 

Pterocarpus  santalinus . This  tree,  which  affords  sounders  or  red, 
sandal-wood , is  a native  of  several  parts  of  India.  Its  deep-red  colouring- 
matter  is  insoluble  in  water,  but  readily  soluble  in  alcohol ; it  is  chiefly 
employed  for  colouring  a few  pharmaceutical  tinctures.  The  insolubility 
of  its  colouring-principle  in  water,  furnishes  a ready  mode  of  distinguishing 
between  it  and  Brazil-wood ; and  its  solubility  in  alcohol  renders  it  pro- 
bable that  it  is  of  a resinous  nature.  (See  p.  938.) 

Quassia  excelsa.  The  wood  of  this  tree,  which  has  long  been  used  in 
medicine  as  a powerful  bitter,  has  not  been  minutely  examined;  it  is  said 
to  contain  a slight  trace  of  volatile  oil,  a peculiar  bitter  extractive 
( quassin ),  gum,  lignin,  and  salts.  The  bitter  extractive  is  much  more 
soluble  in  common  alcohol  than  in  water.  It  is  precipitated,  according 
to  Pfaff,  by  acetate  of  lead:  its  aqueous  solution,  sweetened,  is  a good 
fly-poison. 

Solatium  dulcamara.  The  stalks  of  this  plant  contain,  according  to 
Pfaff  [Mat.  Med .),  21  per  cent,  of  a saccharo -bitter  extract,  which  he 
terms  Picroslucion.  Its  bitterness  is  derived  from  malate  of  solania. 

(p.  1037.) 

Strychnos  columbina.  Snakewood.  It  contains  green  fat,  yellow 
extractive,  gum,  strychnate  or  igasurate  of  strychnia  (p.  1032),  and  lignin. 

4.  Herbs,  Fungi,  Lichens,  &c.  Anemone  pulsatilla  and  nemorosa. 
The  concentrated  distilled  water  of  this  plant,  when  kept  for  some  weeks 
in  a cool  place,  deposits  a crystalline  matter,  originally  described  by 
Heyer,  and  afterwards  by  Yauquelin  and  Robert.  [Jour,  de  Phar .,  vi., 
229.)  It  passes  over  with  the  vapour  of  water,  and  appears  at  first  as  an 
oil,  which  afterwards  concretes.  Its  vapour  is  acrid,  and  the  substance 
itself  poisonous.  It  burns  like  camphor,  is  very  sparingly  soluble  in 
water,  and  decomposed  by  concentrated  acids  and  alkalis.  It  has  been 
termed  anemonin , and  anemone  camphor. 

Many  other  plants,  especially  many  species  of  ranunculus , clematis , 
and  rhus , and  the  arum  maculatum , and  polygonum  hydropiper , contain 
an  acrid  principle  analogous  to,  and  by  some  considered  identical  with, 
the  above. 

Artemisia  ahsynthium.  Wormwood  has  not  been  examined  by  modern 
chemists.  According  to  Dorffurt,  dry  wormwood  yields  about  1 per  cent. 
of  volatile  oil,  8.5  to  9 of  green  resin,  25  to  30  of  gummy  extract,  which, 
when  burned,  leaves  11.5  per  cent,  of  the  original  weight  of  the  dried 
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herb,  of  ashes,  two-thirds  of  which  are  carbonate  of  potassa:  hence  the 
term  salt  of  wormwood  applied  to  that  salt.  According  to  Kunsemiiller, 
the  potassa  in  the  herb  is  in  a state  of  acetate. 

Agaricus , c*yc.  See  Braconnot’s  researches,  already  quoted,  ( Fungic 
and  boletic  acid , sugar,  fun  gin.)  The  substances  found  in  all  fungi  are  a 
crystalline  and  a butyraceous  fat,  albumen,  sugar,  two  azotised  bodies, 
one  of  which  is  only  soluble  in  water,  and  the  other  in  water  and  alcohol, 
and  salts  of  potassa  and  of  ammonia,  with  fungic,  boletic,  phosphoric,  and 
sometimes  acetic  acid,  fungin  (a  form  of  lignin)  and  water.  Many  con- 
tain gum  and  mucilage. 

When  bruised  fungi  are  digested  in  water,  they  yield  an  extract , from 
which  alcohol  abstracts  sugar  and  an  azotised  substance,  separable  by  a 
little  alcohol,  which  dissolves  the  former  and  leaves  the  latter.  This 
azotised  substance  yields  a brown  solution  with  water,  which,  when 
evaporated,  leaves  it  in  the  form  of  a brown  extract,  smelling,  when 
heated,  like  roasted  meat,  evolving  ammonia  when  distilled,  and  in  all 
respects  resembling  the  animal  extractive  called  osmazome.  The  portion 
of  the  extract,  insoluble  in  alcohol,  dissolves  in  water,  with  the  exception 
of  a little  albumen.  It  also  dissolves  in  dilute  alcohol : it  does  not 
gelatinize,  and  when  destructively  distilled,  yields  carbonate  of  ammonia. 

The  insoluble  portion  of  the  fungi,  which  remains  after  digestion  in 
water,  digested  in  alcohol,  yields  stearin  and  elain,  and  a little  resin. 

Chemical  analysis  has  not  thrown  any  light  upon  the  poisonous  nature 
of  certain  mushrooms. 

Asparagus  offfcinalis.  The  juice  of  asparagus , in  the  state  in  which 
it  comes  to  table,  yields,  as  already  stated  (p.  1042),  a very  curious  pro- 
duct, which  has  been  termed  asparagin , it  also  contains  a little  albumen, 
wax,  and  resin.  The  residue  of  the  asparagus,  which  contains  its  eatable 
part,  for  boiling  probably  abstracts  the  matters  contained  in  its  expressed 
juice,  has  not  been  examined ; nor  have  we  any  accurate  information  as 
to  the  cause  of  the  singular  odour  which  it  imparts  to  the  urine : it  has 
been  said,  however,  that  asparagin  is  diuretic,  and  gives  the  urine  the 
same  odour. 

Boletus  juglandis,  laricis , and  pseudo  igniarius , have  been  examined 
by  Braconnot.  (Ann.  de  Chim .,  lxxx.,  273.) 

Brassica  oleracea.  Cabbage.  The  fresh  leaves  yield,  per  cent.  0.63 
green  fecula,  0.29  albumen,  0.05  resin,  2.89  gum,  or  mucilaginous  extract, 
2.84  extract  soluble  both  in  alcohol  and  water.  The  saline  matters  are 
sulphate  and  nitrate  of  potassa,  chloride  of  potassium,  malate  and  phos- 
phate of  lime,  phosphate  of  magnesia,  and  oxides  of  iron  and  manganese. 
(Schrader.)  So  that,  according  to  this  analysis,  the  cabbage  may  be 
assumed  to  contain  about  7 Ler  cent,  of  soluble  matter,  the  remainder 
being  lignin  and  water. 

Cetraria  islandica.  Lichen  islandicus.  Iceland  moss  has  been  some- 
what minutely  examined  by  Berzelius ; the  details  of  his  analysis  are 
given  in  his  Lehrbuck.  The  result  is,  green  wax  1.6,  yellow  colouring 
extractive  7*6,  bitter  principle  3.0,  sugar  3.6,  gum  3.7,  starch  44.6, 
starchy  lignin  36.2.  A trace  of  gallic  acid,  tartar,  tartrate  of  lime,  and 
phosphate  of  lime  1.9.  It  has  also  been  analyzed  by  John,  with  the  fol- 
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lowing  results:  green  resin  1.5,  extractive  10,  inulin  8.0,  modified  inulin 
40.0,  insoluble  parts  37-5,  saline  substances  3.0. 

Cochlearia  officinalis.  The  extract  of  the  expressed  juice  contains 
brown  sweet  extract,  soluble  in  hot  alcohol,  and  precipitable  by  chlorine 
and  by  tannin  48.33  : matter  insoluble  in  alcohol,  but  precipitable  by 
tannin  32.00,  salts  of  potassa  with  vegetable  acids  15.3.  The  fresh  plant 
contains  a sulphurous  acrid  oil,  and  sometimes  nitre. 

Conium  maculatum.  The  juice  from  100  parts  of  fresh  hemlock 
yielded  green  feGula  0.80,  albumen  0.31,  resin  0.15,  gum  3.52,  extrac- 
tive 2.73,  (Schrader.)  This  much  resembles  the  cabbage , and  takes  no 
account  of  the  poisonous  property  of  hemlock  (see  Conia , p.  1039.) 
100  lbs.  of  fresh  hemlock  yield  an  average  produce  of  4 lbs.  of  phar- 
maceutical extract. 

Helvetia  mitra.  Morels  contain,  according  to  Schrader,  stearin  and 
elain  4.0,  sugar  2.0,  azotised  extractive  ( vegetable  osmazome)  29.4, 
gummy  azotised  extractive  5.4,  albumen  1.2,  boletate  and  phosphate  of 
ammonia  and  potassa  8.0,  fungin  39.6,  water  J 0.4.  It  is  evident  that 
the  peculiar  flavour  and  characters  of  mushrooms,  and  similar  articles  of 
food,  is  referable  to  the  extractive  matter  containing  nitrogen,  and  hence 
resembling  an  animal  product,  which  I have  above  termed  vegetable 
ozmazome:  this  substance  deserves  further  examination,  especially  by 
the  culinary  chemist. 

Hordeum  vulgare.  (See  the  results  of  Einliofs  experiments,  p.  922.) 

Hyoscyamus  niger.  Henbane  requires  to  be  minutely  examined. 
(See  hyoscyamia , p.  1037-)  100  lbs.  of  the  herb  yield,  upon  an  average, 

3 lbs.  and  a quarter  of  pharmaceutical  extract. 

Tndigofera  anil , and  Isatis  tinctoria.  (See  p.  943.) 

Lichen  islandicus.  (See  Cetraria .) 

Melissa  officinalis.  Balm  yields,  according  to  Dehne,  1.1920th  its 
weight  of  volatile  oil.  The  infusion  of  balm  (often  drunk  as  balm-tea ), 
contains  tan,  extractive,  and  gum.  Alcohol  extracts  a little  resin. 

Pisum  sativum.  The  components  of  peas , are  stated  at  p.  922. 

Rhus  toxicodendron.  The  juice  of  the  leaves  of  this  species,  and  of 
the  Rhus  radicans  and  vernix , contains  an  acrid  poison,  the  nature  of 
which  has  not  been  accurately  ascertained : it  is  also  a substantive  black 
dye , extremely  permanent ; cotton  or  linen  imbued  with  it  acquiring  a 
deep  black  by  exposure  : the  nature  of  this  colouring-principle  has  not 
been  examined,  but  it  seems  somewhat  analogous  to  indigo. 

5.  Leaves.  Aconitum  napellus.  The  leaves  of  this  and  other  species 
of  monkshood , contain  a very  poisonous  principle  (alkaloid),  which  has 
already  been  alluded  to.  Its  paralyzing  power  upon  the  organs  of  taste 
may  be  perceived  by  chewing  a leaf  of  the  plant,  it  produces  a biting  sensa- 
tion upon  the  tongue,  and  taste  is  impaired  for  hours  afterwards.  Bucholz 
found  in  the  fresh  leaves  83.75  per  cent,  water : the  residue,  washed  with 
water,  left  15  per  cent,  of  woody-fibre.  On  heating  the  expressed  juice, 
a green  and  albuminous  fecula  subsided,  amounting,  with  a little  wax, 
to  5.0.  Alcohol  abstracts  from  the  inspissated  juice  of  aconite  a brown 
extractive,  of  a bitter,  sourish,  saline,  and  acrid  flavour.  The  part  inso- 
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luble  in  alcohol  yielded  to  water  3.75  of  gum,  and  left  1.0  of  malate  and 
citrate  of  lime. 

Arbutus  uva  ursi.  The  leaves  of  the  whor tie-berry  are  very  rich  in 
tannin,  and  might  be  much  more  employed  than  they  are  in  tanning  and 
dyeing : they  might  be  abundantly  imported  from  the  north  of  Europe. 
At  present  they  are  only  used  in  medicine  as  an  astringent  and  tonic, 
especially  affecting  the  urinary  passages. 

Atropa  belladonna.  (See  Atropia,  p.  1030.)  100  lbs.  of  the  fresh  herb 

yield  about  2 lbs.  8 oz.  of  pharmaceutical  extract. 

Cassia  senna.  The  existence  of  a purgative  bitter  extractive  in  these 
leaves  has  been  above  mentioned,  ( Cathartin , p.  1045.)  See  also  Dr. 
Thomson’s  London  Dispensatory.  100  lbs.  of  senna-leaves,  yield  50  lbs. 
of  pharmaceutical  extract. 

Centaurea  benedicta.  The  dried  herb  yields  volatile  oil,  chlorophyll 
and  fat-oil,  brown  resin,  extractive,  bitter  principle,  sugar,  gum,  albumen, 
ligneous  matter,  and  various  salts.  (Morin,  Journal  de  Chim.  Med ., 
iii.,  105.) 

Datura  stramonium.  The  fresh  leaves  of  the  thorn-apple  contain 
0.64  green  fecula,  0.15  albumen,  0.12  resin,  0.60  extractive,  0.58  gum, 
0.23  difficultly-soluble  salts,  5.15  lignin,  91.25  water.  (Promnitz.)  See 
Datur up  p.  1037-)  100  lbs.  of  the  fresh  herb  afford  an  average  produce  of 

2 lbs.  12  oz.  of  the  pharmaceutical  extract. 

Digitalis  purpurea.  The  leaves  of  the  foxglove  contain,  according  to 
Rein  and  Haase,  a soft,  viscid  green  resin,  soluble  in  ether ; alcohol  and 
volatile  oils  5.5,  extractive  15.0,  superoxalate  of  potassa  2.0,  lignin  52.0, 
water  5.5,  (loss  5.)  The  activity  of  digitalis  resides,  according  to  Haase, 
in  the  soft  resin.  (See  Digit alia,  p.  1039.) 

Menyanthes  trColiata.  From  100  parts  of  the  fresh  leaves,  Tromms- 
dorff  obtained  15.6  lignin  : the  green  expressed  juice  deposits,  on  boiling, 
0.49  fecula,  from  which  alcohol  and  ether  abstract  0.12  soft  green  resin, 
and  0.37  albumen  remains.  The  filtered  juice  yields  3.92  of  extract, 
containing  gum,  inulin,  and  extractive  ; the  extractive  includes  a peculiar 
bitter  principle,  menyanthin , and  an  azotised  substance. 

Nicotiana  tabacum.  (See  Nicotina , p.  1038.) 

Salvia  officinalis.  100  parts  of  fresh  sage-leaves , yield  extractive 
(including  an  azotised  substance  and  nitrate  of  potassa),  2.12,  gum  1.51, 
green  resin  2.9,  albumen  0.43,  lignin  15.87,  water  and  loss  77-17-  They 
also  yield  0.16  per  cent,  of  a pale-yellow  volatile  oil;  sp.  gr.  0.864; 
soluble  in  alcohol,  but  difficultly  so  in  ether,  (lliscli.) 

Thea  boheci  and  viriclis.  (See  Them , p.  1048.) 

6.  Flowers.  Anthemis  nobilis.  Chamomile  flowers  yield,  on  distilla- 
tion, a blue  or  green  essential  oil,  which  becomes  yellow  when  kept. 
100  lbs.  of  the  dried  flowers  yield,  upon  an  average,  2 lbs.  12ozs.  of  oil, 
and  3 lbs.  4 ozs.  of  pharmaceutical  extract. 

Arnica  montana.  These  flowers  contain  an  acrid  resin,  to  which  their 
medicinal  virtues  are  ascribed : they  also  yield  a volatile  oil,  and  much 
tannin,  with  some  gallic  acid. 

Artemisia  santonica.  The  buds  of  this  plant  are  used  as  a vermifuge, 
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under  the  name  of  Semina  cince.  Their  active  principle  appears  to  he  an 
acrid  volatile  oil. 

Calendula  officinalis.  The  marigold  petals  contain  yellow-green  soft 
resin  3.44,  bitter  extractive  19.13,  gum  1.5,  starch  1.25,  mucilage 
( Calendulin , p.  896  ) 3.50,  albumen  0.62,  free  malic  acid  with  bitter 
extractive  6.84,  malate  of  potassa  5.45,  malate  of  lime  1.47,  chloride  of 
potassium  0.66,  lignin  62.5.  (This  gives  an  excess  ==  7-33.)  The  leaves 
contain  the  same  substances,  and  a little  nitrate  of  potassa.  (Geiger.) 

Caryophillus  aromaticus.  Eugenia  caryophillata.  Cloves  are  the 
calyces  and  buds  of  this  plant.  They  contain,  volatile  oil  18.0,  tannin 
13,  extractive  4.0,  tasteless  resin  6.0,  gum  13,  lignin  28,  moisture  18. 
(Trommsdorf.)  By  repeated  distillation,  Ostermeyer  obtained  21.5  essen- 
tial oil ; he  also  obtained  the  oil  of  cloves,  by  expression  ; it  then  con- 
tained a peculiar  kind  of  wax.  The  average  produce  of  essential  oil,  as 
obtained  from  repeated  experiments  at  Apothecaries5  Hall,  does  not 
exceed  16  per  cent.  (See  oil  of  cloves^  p.  971*) 

Crocus  sativus.  From  100  parts  of  fine  saffron , Bouillon,  Lagrange, 
and  Vogel,  obtained  yellow  volatile  oil,  with  fat,  7-5,  wax  0.5,  polychroit 
(p.  942)  65,  gum  6.5,  albumen  0.5,  lignin  10,  water  10.  Saffron,  as  it 
occurs  in  trade,  is  often  very  damp,  and  mixed  with  5 or  6 per  cent,  of 
sand. 

Rosa  gallica.  Red-rose  leaves  contain,  according  to  Cartier,  a red 
colouring-principle  greened  by  alkalis,  gallic  acid,  tannin,  and  albumen. 
From  rose-leaves  which  have  been  infused  in  water,  alcohol  abstracts  a 
yellow  fixed,  and  a volatile  oil.  Dried  rose-petals,  digested  in  ether, 
yield  oil,  gallic  acid,  tan,  and  colouring-matter.  When  burned,  their  ash 
contains  phosphate  of  potassa  and  lime  (a  vegetable  salt  of  lime),  chloride 
of  potassium,  silica,  and  oxide  of  iron. 

Sambucus  nigra.  Elder- flowers  have  not  been  minutely  examined ; 
they  contain  a peculiar  bitter  extractive,  and  yield,  on  distillation,  a 
buttery  oil,  which  gives  flavour  to  elder  flower  water. 

Tilia  europcea.  The  flowers  of  the  lime-tree  contain,  according  to  Pfaff, 
a peculiar  odorous  principle,  which  passes  over  in  distillation  with  water, 
but  cannot  be  separated  in  the  form  of  volatile  oil ; but  Brossat,  from  very 
large  quantities  of  the  flowers,  obtained  a little  highly  fragrant  oil,  lighter 
than  water : they  also  contain  tannin,  sugar,  gum,  and  lignin.  They  are 
wTell  known  to  attract  swarms  of  bees.  When  chewed,  they  appear  very 
mucilaginous.  Boux  obtained  from  them,  by  the  action  of  alcohol,  a 
yellow  colouring-matter. 

7.  Fruits  and  Seeds.  Amoynum  repens.  Cardamom  seeds  yield 
4 per  cent,  of  volatile  oil,  and  12.5  of  resin : the  residue  consists  of 
mucilage  and  lignin. 

Amygdalus  communis.  Sweet  almonds  contain  54  oil,  6 sugar, 
3 gum,  24  albumen,  24  insoluble  ligneous  matter,  5 skins,  3.5  water,  a 
trace  of  acetic  acid  and  loss  0.5.  (Boullay.)  Bitter  almonds  contain 
the  same  principles,  and  the  peculiar  matters  described  at  p.  97L 
The  bitter  almond-cake  which  remains,  after  the  expression  of  the  fixed 
oil,  yields  an  average  produce  of  9 ozs.  of  volatile  oil  from  the  hundred- 
weight, but,  much  depends  upon  the  mode  of  distillation. 
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Cannabis  saliva.  Hcmpseed  contains,  according  to  Bucholz,  19.1 
per  cent,  of  oil : the  residuary  cake  contains  24.7  per  cent,  of  albumen, 
43.3  of  lignin  and  other  insoluble  matters ; gum,  sugar,  and  a trace  of 
bitter  extractive,  constitute  the  residue. 

Capsicum  annuum.  Bucholz  found  in  the  pods  of  capsicum , 7-0 
wax,  4 acrid  resin,  8.6  bitter  aromatic  extract,  21.  gum  and  extractive, 
9.2  gum,  3.2  albumen,  28  lignin,  12  water,  loss  6.4  Braconnot  terms 
the  acrid  soft-resin,  which  appears  to  constitute  the  active  principle  of 
this  pepper,  capsicin ; it  fuses  when  heated,  and  a single  grain  vaporized 
in  an  ordinary-sized  room,  is  so  diffused  through  the  air  as  to  cause  it  to 
excite  coughing  and  sneezing. 

Cassia  Jistula . The  pulp  of  the  seed-pods  of  an  American  and  of 
an  African  variety  of  this  tree,  yielded  Henry,  i.,  sugar  69.25,  gum  2.6, 
tannin  3.9,  moisture  24.25 ; ii.  sugar  61.0,  gum  6.75,  tannin  13.25,  water 
19.0.  This  pulp  is  medicinally  used  as  a purgative. 

Citrus  aurantium  and  medica.  Neither  oranges , nor  lemons , have 
been  subjected  to  any  accurate  examination.  Dried  orange-peel  yields 
from  16  to  20  per  cent,  of  an  agreeable  and  apparently  peculiar  bitter 
extract.  Lemon-juice  contains,  according  to  Proust,  97-51  water,  1.77 
citric  acid,  with  bitter  extract,  gum,  and  a trace  of  malic  acid,  amounting 
together  to  0.72  per  cent. 

Coffea  arabica.  See  Caffein.  (p.  1043.) 

Croton  tiglium.  See  p.  955. 

Cucumis  colocynthis.  According  to  Meissner,  the  pith  freed  from 
seeds  contains  fat  oil  4.2,  a yellow,  brittle,  very  bitter,  resin,  insoluble  in 
ether,  13.2,  colocyntin,  (p.  1045,)  14.4,  gelatinous  matter  3.0,  gummy 
extractive  17-6,  lignin  19:  the  remainder  being  water  and  salts. 

Cucumis  sativus.  Cucumbers  have  been  examined  by  John,  who  found 
in  the  peeled  cucumber,  green  colouring-matter  0.04,  sugar,  with  extrac- 
tive, 1.66,  soluble  albumen  0.13,  fibres,  softened  by  boiling  and  containing 
traces  of  phosphate  of  lime,  0.53,  mucilage,  free  phosphoric  acid,  salts 
of  ammonia,  potassa,  lime,  and  iron,  with  malic,  phosphoric,  sulphuric, 
and  muriatic  acids  0.5.  Water  97-14.  The  peel  of  the  cucumber 
contained  the  same  substances,  but  only  85  per  cent,  of  water,  and  the 
fibre  resembled  fungin. 

Cytisus  laburnum.  See  Cytisin.  (p.  1046,  note .) 

Delphinium  staphisagria . Braudes  found  in  stcives-acre  seeds , 
stearin  1.4,  oil  19.1,  gum  3.15,  starch  2.40,  an  azotised  extractive,  inso- 
luble in  alcohol,  prccipitable  by  acetate  of  lead  and  by  infusion  of  galls, 
with  traces  of  various  salts  30.67,  delphia  8.10,  (see  p.  1039,)  albumen 
4.12,  sulphates  and  phosphates  of  potassa,  lime,  and  magnesia,  5, 
water  10. 

Fragaria  vesca.  Strawberries  have  never  been  anaylsed.  Dried  in 
vacuo , over  sulphuric  acid,  they  lose  about  90  per  cent.  According  to 
Scheele,  the  acid  which  they  contain  consists  of  equal  parts  of  malic 
and  tartaric  acids.  Their  fragrancy  passes  over  in  distillation  with 
water. 

Humulus  lupulus.  See  Lupulin , (p.  1046,  note.)  Hops  yield  about 
27  per  cent,  of  pharmaceutical  extract. 

Hyoscyamus  niger.  Henbane-seed  contains,  according  to  Brandes, 
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24.2  oil,  1.4  stearin,  a trace  of  sugar,  1.2  gum,  2.4  mucilage,  1.5  starch, 
3.4  extractive,  4.5  albumen,  26.  lignin,  24.  water : various  salts,  and  a 
trace  of  copper  ? They  are  said  to  contain  no  narcotic  principle. 

Juglans  regia.  The  outer  green  husk  of  the  unripe  walnut  contains 
resinous  green  matter,  tannin,  extractive,  starch,  citric  and  malic  acid, 
oxalate  and  phosphate  of  lime,  lignin;  and  in  the  ash,  potassa,  and 
oxide  of  iron.  The  expressed  juice  is  at  first  colourless,  but  becomes 
brown  by  exposure  : it  forms  a good  dye-stuff. 

Juniperus  communis.  Juniper-berries  contain  a volatile  oil  and 
sugar;  the  former  is  most  abundant  in  the  berries  just  at  their  period  of 
ripening ; when  they  are  cpiite  ripe  and  black,  it  has  chiefly  passed  into 
resin.  The  sugar  is  most  plentiful  in  the  deep  blue  berries,  and  is  partly 
decomposed  when  they  blacken  and  dry.  Trommsdorff  found  in  the  ripe 
berries,  volatile  oil  (sp.  gr.  0.853)  1.0,  brittle  wax,  soluble  in  hot  alcohol, 
ether,  and  caustic  potassa,  4.0,  tasteless  and  inodorous  resin  10.0,  a 
peculiar  kind  of  sugar  33.8,  gum  7-6,  lignin  35.0.  The  produce  of 
essential  oil,  from  the  German  berries,  as  ascertained  by  repeated  distil- 
lations at  Apothecaries’  Hall,  amounts  upon  an  average  to  from  9 to  10 
ounces  from  the  100  lbs.,  and  from  the  Italian  berries  to  7 ounces. 

Laurus  nobilis.  Laurel-berries  have  been  examined  by  Bonastre  : 
he  found  volatile  oil  0.8,  a crystallizable  substance,  which  he  calls  laurin , 
0.5,  grease  and  fat  oil  9.9,  soft  resin  0.8,  starch  12.95,  gum  8.6,  mucilage 
3.2,  sugar  0.2,  lignin  9.4,  water  3.2.  They  also  contain  a free  acid. 

Menispermum  cocculus.  See  Picrotoxia , (p.  1038.) 

Momordica  elaterium.  (See  Elaiin .)  Of  the  pharmaceutical  product, 
termed  elaterium , about  1 lb.  8 oz.  is  obtained  from  1 00  bushels  of  the 
gourds. 

Myristica  moschata.  Nutmegs  contain,  according  to  Bonastre,  fat 
oil,  (p.  957,)  31.6,  volatile  oil  6.0,  starch  2.4,  gum  1.2,  free  acid  0.8, 
lignin  54,  (loss  4.)  The  usual  produce  in  volatile  oil , in  the  distillations 
at  Apothecaries’  Hall,  is  4.5  per  cent. 

Myrtus  pimento.  Allspice  has  been  examined  by  Bonastre ; he  analysed 
the  outer  shell  and  the  kernel,  with  the  following  results : — 


Husks. 

Kernels. 

Volatile  oil  . 

10.0 

5.0 

Green  soft  resin 

. 8.0 

2.5 

Concrete  fixed  oil 

0.9  . . 

3.2 

Tannin  and  extractive 

.114 

39.8 

Gum  .... 

3.0  . . 

7-2 

Brown  gelatinous  matter  . 

. 4.0 

3.8 

Resinous  substance 

1.2 

1.2 

Saccharine  extract  . 

. 3.0 

8.0 

Malic  and  gallic  acids  . 

0.6 

1.6 

Lignin  .... 

. 50.0 

16.0 

Saline  ash  . 

2.8  >.  . 

1.9 

Moisture 

. 3.5  . . 

3.0 

Loss  .... 

2.2 

8.8 

Oryza  sativa.  Carolina  rice  contains,  fixed  oil  0.13,  sugar  0.29, 
gum  0.71,  starch  85.07,  gluten  3.60,  lignin  4.8,  water  5.  Piedmontese 
rice  contains,  fixed  oil  0.25,  sugar  0.05,  gum  0.10,  starch  83.8,  gluten  3.6, 
lignin  4.8,  water  7-  (Braconnot.) 
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Piper  cubeba.  Cubebs  yield,  on  distillation  with  water,  about  10.5 
per  cent,  of  volatile  oil. 

Piper  nigrum.  The  acrimony  of  black  pepper  resides  in  a soft  resin 
or  balsam,  and  in  volatile  oil.  See  also  Piper  in , p.  1041. 

Pisum  sativum.  Peas.  See  p.  922. 

Prunus  cerasus , See.  The  analysis  of  cherries,  plums,  peaches,  and 
apricots,  is  given  at  p.  877* 

Pyrus  communis  and  mains.  Pears  and  apples  have  been  examined 
by  Berard,  but  there  are  many  interesting  points  respecting  them  which 
remain  unnoticed,  such  especially  as  the  rapid  change  which  some  of  them 
undergo  by  the  action  of  oxygen,  when  they  are  cut  and  exposed  to  air, 
and  during  which,  sugar  appears  to  be  formed;  he  also  does  not  notice 
pectin  or  pectic  acid,  though  perhaps  it  may  be  formed,  as  in  apple  jelly, 
by  the  action  of  heat  upon  their  finely-divided  lignin ; he  also  overlooks 
tannin  or  gallic  acid  contained  in  many  of  those  fruits,  rendered  evident 
by  the  blackening  of  the  knives  with  which  they  are  peeled.  The  fol- 
lowing are  the  results  which  he  obtained  from  Beurrc  pears , examined  in 
three  states,  namely,  i.  ripe  and  fresh;  ii.  kept  till  mellow;  iii.  kept  till 
brown  or  beginning  to  rot,  and  having  lost  23.15  per  cent,  of  water,  &c. 


I. 

II. 

III. 

Resinous  green  colouring-matter 

0.08  . . 

0.01 

. . 0.04 

Sugar  ..... 

6.45  . . 

11.52 

. . 8.77 

Gum  ...... 

3.17  . . 

2.07 

. . 2.62 

Lignin  ..... 

3.80  . . 

2.10 

1.85 

Albumen  ..... 

0.08  . . 

0.21 

. . 0.23 

Malic  acid  .... 

0.11  . . 

0.08 

. . 0.61 

Lime  ...... 

0.03  . . 

0.04 

. . trace 

Water  . 

86.28  . . 

83.88 

. . 62.72 

Apples  contain  the  same  ingredients  as  pears,  but  in  somewhat  dif- 
ferent proportions,  but  the  cause  of  flavour,  and  the  aromp  of  these  fruits, 
depends  upon  some  volatile  principle  probably,  which  analysis  has  not 
detected. 

Punica  granatum.  The  rind  of  the  pomegranate  is  used  medicinally  as 
an  astringent:  it  contains,  tannin  27-8,  resin  0.9,  extractive  32.8,  gum  34.2, 
loss  5.1.  (Reuss.)  No  lignin  is  here  mentioned,  so  that  the  above  are 
probably  the  soluble  constituents  only. 

Ribes  grossularia.  Gooseberries  have  been  analyzed  by  Berard,  with 
the  following  results. 


Resinous  green  colouring-matter 

Unripe.  Ripe. 

. 0.03  . . 

Sugar  ..... 

0.52 

6.24 

Gum  ..... 

. 1.36 

0.78 

Albumen  ..... 

1.07 

0.86 

Malic  acid  .... 

. 1.80 

2.41 

Citric  acid  .... 

0.12 

0.31 

Lime  ..... 

. 0.24 

0.29 

Lignin,  including  the  seeds 

8.45 

8.01 

Water  ..... 

. 86.41 

81.10 

Ricinus  communis.  This  seed,  which  affords 

castor  oil  (p.  954),  has 

been  analysed  by  Geiger:  it  yielded  69.09  kernel,  and  23.82  husk:  this 
quantity  of  husk  or  shell  yielded,  resin  and  bitter  extract  1.91,  gum  1.91, 
lignin  20.0.  The  kernel  (69.09  parts)  afforded,  fixed  oil  46.19,  gum  2.40, 
albumen  0.5,  starch  with  lignin  20,  water  7-69. 
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Secale  cereale.  The  analysis  of  rye  is  given  above,  p.  922. 

Secale  cornutum.  The  ergot  of  rye , which  appears  to  possess  such 
extraordinary  influence  in  promoting  the  natural  contractions  of  the  uterus 
in  child-birth,  has  been  analysed  by  Vauquelin  and  by  Pettenkofer,  but 
their  researches  throw  no  light  upon  its  medical  virtues.  It  yields  a deep 
brown  tincture  to  dilute  alcohol,  which  on  evaporation  leaves  18.72  per 
cent,  of  wax,  which  fuses  at  212°.  The  tincture,  deprived  of  wax,  affords 
a transparent  brown  bitter  and  sour  extractive,  which  becomes  moist  in 
the  air;  after  some  days  small  cubic  crystals  form  in  it,  which  Petten- 
kofer suspects  to  be  a salt  of  morphia,  but  of  this  there  is  no  evidence. 
Water  takes  up  a brown  bitter  extractive  from  the  residue  of  the  ergot 
insoluble  in  alcohol.  The  extraordinary  medicinal  peculiarities  of  ergot 
render  an  accurate  chemical  examination  of  it  extremely  desirable. 

Strychnos  mix  vomica , S;c.  See  Strychnia , p.  1032. 

T amarindus  indica.  The  pulp  of  this  fruit  contains,  according  to 
Vauquelin,  12.5  sugar,  4.7  gum,  6*2  jelly,  0.4  malic  acid,  9.4  citric  acid, 
1.5  tartaric  acid,  3.2  bitartrate  of  potassa,  36  ligneous  matter,  30  water. 
Scheele  asserts  that  the  whole  of  the  acid  in  tamarinds  is  the  tartaric 
acid. 

Triticum  hibernum.  The  composition  of  wheat  is  given  at  p.  922. 

Viiis  vinifera.  The  juice  of  sour  grapes  only  contains  tartaric  acid. 
The  juice  of  the  ripe  grape  contains  odorous  matter,  sugar  (p.  906),  gum, 
albumen,  a trace  of  malic  acid  and  malate  of  lime,  free  tartaric  acid,  tartrate 
of  lime,  and  bitartrate  of  potassa,  (also  racemic  acid?) 

Zea  mais.  According  to  Gorham,  maize,  or  Indian  wheat,  contains 
starch  77>  zein  3,  albumen  2.5,  sugar  1.45,  extractive  0.80,  gum  1.75, 
sulphate  and  phosphate  of  lime  1.5,  lignin  3,  water  9.  According  to 
Bizio,  zein  contains  nitrogen  as  an  ultimate  element:  Gorham  regards  it 
as  a gluten  without  nitrogen. 

§ XXI.  PHENOMENA  AND  PRODUCTS  OF  VINOUS 
FERMENTATION.  ALCOHOL. 

The  term  fermentation  is  employed  to  signify  the  spontaneous  changes 
which  certain  vegetable  solutions  undergo,  placed  under  certain  circum- 
stances, and  which  terminate  either  in  the  production  of  an  intoxicating 
liquor,  or  of  vinegar;  the  former  termination  constituting  vinous , the 
latter  acetous  fermentation. 

The  principal  substance  concerned  in  vinous  fermentation  is  sugar ; 
and  no  vegetable  juice  can  be  made  to  undergo  the  process,  which  does 
not,  either  originally  contain  it,  or  some  other  principle,  such  as  starch 
or  starch-gum,  capable  of  being  converted  into  sugar.  In  the  production 
of  beer,  the  sugar  is  derived  from  the  matij  in  that  of  wine,  from  the 
juice  of  the  grape.  ^ 

The  change  which  barley  suffers  in  the  operation  of  malting  has 
been  already  stated  (p.  910),  and  in  a number  of  other  processes,  starch 
passes  through  similar  changes,  first  becoming  gum , and  then  sugar;  and 
to  effect  these  changes  it  is  only  necessary  that  a portion  of  sugar  should 
be  present,  which,  when  it  begins  to  ferment,  leads  to  the  successive 
conversion  of  the  remaining  unchanged  starch  into  sugar.  Thus  it  is, 
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that  a small  addition  of  malt  to  a large  proportion  of  unmalted  grain,  forms 
a mixture,  which,  placed  under  the  requisite  conditions,  tends  to  vinous 
fermentation;  and  that  any  variety  of  starch  may  he  rendered  applicable 
to  the  process,  by  the  addition  of  any  of  the  ordinary  forms  of  sugar: 
among  common  vegetables  applicable  to  this  purpose,  the  potato  stands 
pre-eminent,  the  cause  of  which  will  be  obvious  by  reference  to  its 
analyses,  given  in  the  Table  at  p.  922. 

But  a solution  of  pure  sugar  is  not  alone  susceptible  of  vinous  fer- 
mentation, and  although  a mixture  of  common  sugar,  and  especially  of 
raw  sugar  and  water,  will  often  ferment  sluggishly,  this  arises  from  what 
may  be  termed  impurities  in  the  sugar. 

The  substance  which,  of  all  others,  tends  in  these  cases  to  induce 
fermentation,  is  some  form  or  other  of  vegetable  gluten  (p.  915),  conse- 
quently of  an  azotisecl  or  nitrogeniferous  substance,  for  other  analogous 
compounds,  and  even  animal  products , may  be  resorted  to.  But  before 
gluten  is  fit  for  this  purpose,  it  must  itself  have  undergone  some  change, 
for  which  the  contact  of  oxygen  is  apparently  required,  and  of  all  the 
forms  of  modified  gluten  applicable  to  the  purpose,  yeast , or,  as  it  is 
sometimes  termed,  ferment ^ is  the  most  so. 

Yeast  is  the  substance  which  collects,  as  a scum,  and  sediment,  during 
the  vinous  fermentation  of  wort , and  is  derived  from  the  albumino- 
glutinous  parts  of  the  grain : it  is  generally  used  in  a moist  state,  but,  for 
convenience,  it  is  sometimes  partially  dried  by  pressure  and  exposure  to  a 
gentle  heat;  in  its  moist  state  it  soon  runs  into  putrefactive  fermentation  at 
common  temperatures,  absorbing  oxygen,  evolving  carbonic  acid,  acquiring 
a fetid  odour,  and  becoming  sour  from  the  formation  of  acetic  acid. 
Subjected  to  destructive  distillation  it  yields  some  ammoniacal  products. 
Perfect  desiccation,  long  exposure  to  a boiling  heat,  the  action  of  alcohol, 
acids,  and  salts,  render  yeast  ineffective.  The  nature  of  the  action  of  the 
yeast  upon  the  saccharine  matter  has  not  been  accurately  ascertained; 
but  the  changes  which  the  latter  undergoes  during  fermentation,  have 
been  satisfactorily  explained : these  we  shall  recur  to,  when  the  nature  of 
alcohol ',  which  is  the  ultimate  result,  has  been  examined. 

Beer.  In  the  manufacture  of  beer , the  malt  is  ground  and  infused 
in  the  masli-tun , in  rather  more  than  its  bulk  of  water,  of  the  tempera- 
ture of  160°  or  180°.  At  a higher  temperature  the  mixture  would  set , 
as  it  is  termed;  that  is,  it  would  become  an  intractable  gelatinous  mass, 
not  easily  dissolved  in,  or  even  diffused  through,  the  mass  of  water.  In 
the  mash-tun  the  malt  is  exhausted  by  the  successive  applications  of  fresh 
portions  of  water,  and  by  frequent  agitation,  which  is  either  effected  by 
paddles  or  by  machinery-power.  The  nature  of  this  process,  and  of  the 
manner  in  which  it  is  performed  in  our  large  breweries,  can  only  be 
adverted  to  here;  they  must  be  visited,  to  form  a just  conception  of 
the  ingenuity  of  the  machinery,  and  the  enormous  magnitude  of  the 
operations  there  conducted. 

The  mixed  infusions,  as  they  run  from  the  mash-tun,  are  called 
wort ; its  principal  contents  are  saccharine-matter , starch , mucilage , 
and  a small  quantity  of  gluten . The  strength  of  the  wort  is  adjusted 
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by  its  specific  gravity , which  is  usually  found  by  an  instrument  not 
quite  correctly  called  a saccharometer , since  it  is  influenced  by  all  the 
contents  of  the  wort,  and  not  by  the  sugar  only.  It  is 
a brass  instrument,  resembling  the  common  hydrometer, 
of  the  shape  shown  in  the  margin,  and  so  adjusted 
in  weight  as  to  sink  to  the  point  marked  0°,  in  distilled 
water,  at  the  temperature  of  70°,  and  when  immersed  in  a 
liquor  of  the  same  temperature,  and  of  the  specific  gravity 
of  1.100,  it  is  buoyed  up  to  the  mark  100,  just  above 
the  bulb.  The  intermediate  space  is  divided  into  100 
equal  parts,  and,  consequently,  will  indicate  intermediate 
degrees  of  specific  gravity.  This  is  the  most  useful  form 
of  the  instrument,  though  not  that  in  common  use. 
Brewers  employ  complicated  and  often  unmeaning  terms 
to  designate  the  strength  of  their  worts,  and  speak  of  the 
proportion  of  saccharine , per  barrel , &c.  A reform  in 
this  department  of  their  business,  by  the  introduction  of 
a new  instrument,  and  of  tables  showing  the  quantity  of 
solid  matter  in  worts  of  given  density,  and  expressed  in 
reference  to  specific  gravity  only,  would  be  desirable. 

The  specific  gravity  of  the  wort  for  ale  is  usually  about 
1.090  to  1.100,  and  for  table-beer  from  1.020  to  1.030. 
Those  who  are  curious  in  the  history  of  ale  and  porter , 
will  find  the  various  additions  which  are  said  to  be 
made  to  those  liquors  prescribed  in  various  “ Treatises 
on  Brewing.”  Porter  derives  its  peculiarities  from  high- 
dried  malt,  a certain  proportion  of  which  is  used  in  the 
wort ; it  is  also  coloured  with  parched  malt,  or  other  colouring- 
materials.  As  issued  from  the  large  breweries,  it  is  a genuine  and 
excellent  liquor,  but  it  is  sadly  adulterated  and  deteriorated  by  the  pub- 
licans. In  Russia,  a beverage  is  made  as  a substitute  for  beer,  which 
is  called  qnaas:  9 parts  of  rye-meal,  and  1 of  undried  rye-malt  are  made 
into  a paste  with  water,  and  left  for  some  days  in  a warm  place,  when 
the  mass  becomes  quite  sweet ; a wort  is  then  prepared  from  it,  which 
is  run  off  into  casks,  where,  by  the  addition  of  a little  yeast,  it  is  brought 
into  slow  fermentation : when  this  terminates  it  is  ready  for  use. 
(Berzelius.) 

The  wort  is  next  boiled  with  (see  p.  1046,  note),  amounting,  upon 
the  average,  to  one-twentietli  the  weight  of  the  malt,  their  use  being  to  cover 
the  sweetness  of  the  liquor  by  their  aromatic  bitter,  and  to  diminish  its 
tendency  to  acidify.  The  liquor  is  then  generally  thrown  into  large,  but 
very  shallow,  vessels,  or  coolers , or  by  other  contrivances,  is  cooled  to 
about  50°,  as  quickly  as  possible ; it  is  then  suffered  to  run  into  the 
ferment ing-v at ^ having  been  previously  mixed  with  a proper  quantity  of 
yeast , the  use  of  which  has  been  above  stated. 

In  the  fermenting-vessel,  the  different  substances  held  in  solution  in 
the  liquor  begin  to  act  upon  each  other;  an  intestine  motion  ensues,  the 
temperature  of  the  liquor  increases,  carbonic  acid  escapes  in  large  quan- 
tities; at  length  this  evolution  of  gas  ceases,  the  liquor  becomes  quiet 
and  clear,  and  it  has  now  lost  much  of  its  sweetness,  has  diminished  in 


wash.  10()5 

specific  gravity,  acquired  a new  flavour,  and  become  intoxicating  from  tlic 
presence  of  alcohol. 

Wash.  The  distillers  prepare  a liquor,  called  wash , for  the  express 
purpose  of  producing  from  it  ardent  spirits;  instead  of  brewing  this  from 
pure  malt,  they  chiefly  employ  raw  grain,  mixed  with  a small  quantity 
only  of  malted  grain;  the  water  employed  in  the  mash-tun  is  of  a lower 
temperature  than  that  requisite  in  brewing,  and  the  mashing  longer 
continued ; by  which  the  starch  of  the  barley  is  rendered  into  gum  and 
saccharine  matter.  The  wort  is  afterwards  fermented  with  yeast  *. 


Wine.  Wine , properly  so  called,  is  exclusively  derived  from  the  juice 
of  the  grape.  The  principal  substances  held  in  solution  in  grape-juice 
are  sugar , [gum,  gluten , and  bitart rale  of  potassa  t.  It  easily  ferments 


* All  tlie  operations  of  our  distilleries 
would  be  susceptible  of  infinite  improve- 
ment by  an  alteration  in  tlie  excise-laws : 
as  these  at  present  stand,  the  duty  is 
charged  from  calculations,  1.  On  the 
quantity  and  density  of  the  wash ; 2.  On 
the  quantity  and  density,  or  strength  of 
the  low  wines,  or  first  products  of  distilla- 
tion ; 3.  Upon  the  quantity  and  strength 
of  the  spirit,  or,  in  other  words,  of  the  al- 
cohol actually  produced : it  is  presumed, 
in  reference  to  the  wash , that  the  alcohol 
which  it  will  afford  by  fermentation  will 
be  directly  as  its  density  (without  refer- 
ence to  the  nature  of  the  matter  which 
it  holds  in  solution).  In  the  low  wines, 
and  in  the  spirits,  the  proportion  of  al- 
cohol is  inversely  as  the  density,  and 
the  duty  is  charged  in  conformity  with 
experiments  upon  the  composition  of 
mixtures  of  alcohol  and  water  of  different 
densities.  I say  nothing  here  of  the 
mode  of  judging  of  the  value  of  the  wort 
by  its  attenuation  during  fermentation, 
nor  of  the  fallacies  to  which  the  different 
operations  are  liable,  and  I am  well 
aware  of  the  danger  and  difficulties  of 
meddling  with  so  important  a branch  of 
the  revenue;  but  I think  it  impossible 
for  any  scientific  person  to  visit  our 
distilleries  without  at  once  seeing  much 
that  is  susceptible  of  safe  and  effectual 
alteration;  or  to  peruse  the  multitudinous 
documents,  and  the  evidence  which  has 
been  brought  before  the  Commissioners’ 
of  Revenue  Inquiry  and  before  Parlia- 
mentary Committees,  bearing  directly  or 
indirectly  upon  this  subject,  without  an 
anxious  wish  that  some  remedy  should 
be  found  for  the  evils  which  are  there 
set  forth.  In  every  point  of  view,  two 
things  seem  highly  desirable,  and  ap- 


parently not  unattainable;  the  one  is, 
that  the  materials  employed  as  sources 
of  spirit,  and  the  mode  of  conducting  the 
operations  of  the  distillery,  should  be, 
as  far  as  possible,  entirely  unshackled; 
the  other  (a  necessary  consequence),  that 
the  duty  should  be  levied  upon  the  ulti- 
mate produce  at  the  worm-end,  or,  in  other 
words,  upon  the  quantity  of  absolute  alcohol 
actually  produced,  and  that  the  charge 
should  be  made  in  reference  to  that 
alone. 

f A very  curious  modification  of  tar- 
taric acid  has  been  discovered  by  Mr. 
Koestner,  of  Thann,  and  examined  by 
Gay  Lussac,  Walchner,  and  Berzelius, 
(Ann.  de  Chim,  et  Phys  , xlvi.,  128,)  who 
terms  it  paratartaric  acid:  it  has  been 
called  racemic  acid,  and  supposed  to  be 
peculiar  to  certain  grapes.  This  acid  is 
less  soluble  than  tartaric  acid,  and  its 
crystals  instead  of  one,  include  two  atoms 
of  water,  one  of  which  is  given  off  at  212°, 
and  the  other,  when  it  unites  with  bases. 
It  is  obtained  by  neutralizing  the  tartar 
which  contains  it  with  soda,  and  sepa- 
rating the  double  tartrate  of  soda  and 
potassa  by  crystallization;  the  double 
racemate  remains  in  the  mother-liquor, 
which,  filtered  through  animal  charcoal, 
and  decomposed  by  a solution  of  acetate 
of  lead,  yields  a mixed  tartrate  and  race- 
mate  of  lead;  these,  diffused  through  water 
and  decomposed  by  sulphuretted  hydro- 
gen, furnish  a solution  of  racemic  and 
tartaric  acids,  from  which  the  former 
may  be  perfectly  separated  by  crystal- 
lization, whilst  the  latter  remains  in  the 
motlicr-liquor.  Anhydrous  racemic  acid 
is  represented  by  (4  car  -f-  2 h -J-  5 o)  = 
rac  ; and  the  crystallized  by  (rad- f-  2 q). 
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spontaneously  at  temperatures  between  60°  and  80°,  and  the  phenomena 
it  gives  rise  to  closely  resemble  those  of  the  wort  with  yeast*.  After 
the  operation,  its  specific  gravity  is  much  diminished,  its  flavour  changed, 
and  it  has  acquired  intoxicating  powers,  from  the  cause  before  mentioned, 
namely,  the  formation  of  alcohol. 

Liquors,  under  the  name  of  wine , are  frequently  made  from  currants , 
gooseberries , and  other  fruits,  and  when  very  carefully  prepared  they  are 
not  only  palatable  but  excellent.  But  it  is  seldom  that  the  requisite 
attention  is  paid  to  their  manufacture,  (see  Macculloch  on  Wines,)  and 
they  derive  at  all  times  a peculiarity  from  the  presence  of  malic  and  citric 
acids,  which  are  retained  in  solution ; whereas,  in  grape-juice,  the  acid  is 
chiefly  in  tartar , which  is  precipitated  in  proportion  as  alcohol  is  formed, 
and  not  retained  in  any  quantity,  especially  in  old  wines.  Made  wines , 
as  they  are  termed,  are  generally  very  strong,  in  consequence  of  the 
quantity  of  sugar  which  is  used  in  their  production;  a considerable 
proportion  of  brandy  is  also  often  added  to  them,  to  prevent  secondary 
fermentation.  Verry  and  cyder  are  the  fermented  juices  of  years 
and  apples , and  vary  in  flavour,  strength,  and  quality,  according  to  the 
quality  of  the  fruit,  and  the  extent  to  which  the  fermentation  is  carried. 
Mead  is  a vinous  liquor  made  by  dissolving  1 part  of  honey  in  2 and 
two-thirds  of  boiling-water,  and  adding  spices,  such  as  cloves,  nutmegs,  &c., 
and  a portion  of  ground  malt,  and  piece  of  toasted  bread  dipped  in  yeast, 
and  suffering  the  whole  to  ferment;  the  Scandinavian  mead,  according  to 
Berzelius,  was  flavoured  with  primrose-blossoms. 

The  changes  of  the 
various  substances  con- 
cerned in  fermentation, 
can  only  be  fully  ex- 
plained and  understood, 
when  the  nature  of  alco- 
hol has  been  examined, 
but  an  instructive  expe- 
riment in  reference  to 
this  may  be  made  by  in- 
troducing a mixture  of 
1 part  of  sugar,  4 or  5 of 


* A question  naturally  suggests  itself 
here,  why  the  juice  of  the  grape  does  not 
ferment  in  the  fruit  itself?  We  know 
that  ripe  grapes,  even  cut  from  the  vine, 
exhibit  no  such  tendency ; they  dry  up 
and  shrivel,  becoming  ultimately  raisins , 
but  never  fermenting,  so  long  as  the  skin 
is  entire.  It  was  once  supposed  that  this 
arose  from  the  gluten  or  ferment  being  in 
distinct  vesicles  or  cells  from  those  con- 
taining the  saccharine  juice , and  that  con- 
sequently no  fermentation  could  ensue 
till  the  fruit  was  mashed  or  broken  so  as 
to  mix  these  ingredients.  But  Gay  Lus- 
sac  found  that  when  grapes  were  bruised, 


carefully  excluded  from  air , no  change  en- 
sued ; but  that  even  a momentary  expo- 
sure of  the  pulp  to  air  or  oxygen,  was 
enough  to  communicate  to  it  the  power 
of  fermentation.  This  seems  to  arise 
from  some  recondite  action  of  oxygen  on 
the  glutinous  principle  of  the  grape,  by 
absorbing  which  it  acquires  the  proper- 
ties belonging  to  yeast.  It  is  curious  how 
perfectly  the  exclusion  of  air  is  provided 
for  by  the  natural  texture  of  the  grape, 
which  does  not  allow  its  ingress,  although 
it  admits  of  the  transpiration  of  aqueous 
vapour , as  is  shown  by  the  spontaneous 
desiccation  of  the  berry. 
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water,  and  a small  quantity  of  yeast,  into  the  bottle  n,  represented  in 
the  annexed  cut  (fig.  251 );  this  mixture  gives  rise  to  the  same  products  as 
wort  or  grape-juice : a bent  tube  issues  from  the  bottle,  passing  under  the 
inverted  jar  placed  in  the  water-trough  b.  It  will  now  be  found,  that 
all  that  is  requisite  to  induce  fermentation,  and  the  consequent  production 
of  alcohol  from  the  above  materials,  is  to  subject  them  to  a clue  temperature , 
say  between  70°  and  80°;  they  then  soon  begin  to  act  upon  each  other, 
and  the  principal  points  to  be  noticed  are,  1 . that  carbonic  acid  is  evolved 
(without  the  contact  of  oxygen  or  of  the  external  air);  2.  that  the  sugar 
gradually  disappears;  and,  3.  that  alcohol  is  gradually  formed.  Now  the 
inference  which  we  should  at  once  draw  from  this  experiment,  and  it  is 
not  an  incorrect  one,  is,  that  sugar,  minus  carbonic  acid,  produces  alcohol, 
for  as  we  shall  afterwards  find,  we  have  no  evidence  of  the  decomposition 
of  water  in  the  process,  or  of  any  other  source  of  oxygen  than  the  sugar 
itself,  and  it  alone  can  yield  the  carbon.  I have,  for  the  present,  put  the 
action  of  the  yeast  out  of  the  question,  for  we  shall  find  it  not  essential  to 
the  theory  of  the  process.  The  alcohol  remains  almost  entirely  in  the 
receiver,  in  combination  with  the  water,  and  any  other  matters  that  may 
have  accidentally  been  present;  a little,  and  but  a little  of  it,  passes  off 
along  with  the  carbonic  acid  gas,  and  this,  together  with  other  considera- 
tions, renders  it  advisable  in  all  cases  to  carry  on  fermentation  with  as 
little  access  of  air  as  possible,  and  to  allow  of  the  escape  of  the  carbonic 
acid  by  a comparatively  small  vent,  and  even  in  some  cases  to  pass  it  into 
cold  water,  with  a view  of  collecting,  if  not  the  alcohol,  the  aroma , which 
may  sometimes  be  serviceably  applied. 

Brandy,  &c.  When  wine,  or  any  of  the  above-mentioned  fermented 
liquors  are  distilled,  they  afford  a spirituous  liquor;  that  from  wine  is 
termed  brandy ; from  the  fermented  juice  of  the  sugar-cane  we  obtain 
rum;  and  from  wash,  malt  spirit;  and  these  spirituous  liquors,  by  re- 
distillation, furnish  spirit  of  wine , ardent  spirit , or  alcohol *. 

The  different  fermented  liquors  furnish  very  different  proportions  of 
alcohol,  and  it  has  been  sometimes  supposed  that  it  does  not  pre-exist  to 
the  amount  in  which  it  is  obtained  by  distillation  (Fabbroni,  Ann.  de  Chim ., 
xxx.):  but  some  experiments  which  I made  upon  the  subject,  in  1811 
and  1813,  (printed  in  the  Phil.  Trans,  for  those  years,)  tend  to  show  that 
it  is  a real  educt , and  not  formed  by  the  action  of  heat  upon  the  elements 
existing  in  the  fermented  liquor  t. 


* I am  obliged  here,  for  want  of  space, 
to  omit  all  details  respecting  the  pro- 
duction of  brandy  and  other  spirits,  the 
forms  of  stills,  and  the  operations  of  the 
rectifier. 

T I regret  that  in  the  experiments,  the 
results  of  which  are  contained  in  the 
table  in  the  text,  I did  not  throughout 
determine  the  specific  gravity  of  the 
wine  before  as  well  as  after  distillation, 
and  that  the  other  contents  of  the  wine 
were  not  accurately  ascertained,  for,  al- 
though these  points  were  made  out  in 


some  cases,  they  were  not  accurately 
attended  to  throughout.  The  following 
are  two  of  these  results : 

1.  Cape  Wine. 


Sp.  gr.  before  distillation 

- .9824 

Ditto  after  ditto 

- .9742 

Alcohol  per  cent. 

- 23.81 

2.  Sherry. 

Sp.  gr.  before  distillation 

- .9879 

Ditto  after  ditto 

- .9762 

Alcohol  per  cent.  - - 

- 21.34 

See  also  the  tables  of  the  strength  of 
wines  in  Dr.  Henderson’s  work. 
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The  following  Table  exhibits  the 
.825  at  60°,  by  measure,  existing  in 
and  other  liquors: 

Proportion  of  Spirit 


per  cent  by 

Measure 

1.  Lissa  - 

- 

28.47 

Ditto 

- 

- 

24.35 

Average 

- 

25.41 

2.  Raisin  wine 

- 

- 

26.40 

Ditto  - 

- 

25.77 

Ditto 

«- 

- 

23.20 

Average 

- 

25.12 

3.  Marsala  - 

- 

- 

20.03 

Ditto  - 

- 

25.05 

Average 

- 

- 

25.09 

4.  Port  - 

- 

25.83 

Ditto 

- 

- 

24.29 

Ditto  - 

■ 

23.71 

Ditto 

- 

- 

23.39 

Ditto  - 

- 

22.30 

Ditto 

- 

- 

21  40 

Ditto  - 

- 

19.00 

Average 

- 

- 

22.96 

5.  Madeira 

- 

24.42 

Ditto 

- 

23.93 

Ditto  (Sercial) 

- 

21.40 

Ditto 

- 

- 

19.24 

Average 

- 

22.27 

6*.  Currant  wine  - 

- 

- 

20.55 

7.  Sherry 

- 

19.81 

Ditto 

- 

- 

19.83 

Ditto  » 

- 

18.79 

Ditto 

- 

- 

18.25 

Average 

- 

19.17 

8.  Teneriffe 

- 

- 

19.79 

9.  Colares 

- 

19.75 

10.  Lacliryma  Christi 

- 

- 

19.70 

11.  Constantia,  white 

- 

19.75 

12.  Ditto,  red 

- 

- 

18.92 

13.  Lisbon 

- 

18.94 

14.  Malaga  - 

- 

- 

18.94 

15.  Bucellas 

- 

18.49 

16.  Red  Madeira  - 

- 

- 

22.30 

Ditto  - 

- 

18.40 

Average 

- 

- 

20.35 

17.  Cape  Muse! lat 

- 

18.25 

18.  Cape  Madeira 

- 

- 

22.94 

Ditto  - 

- 

20.50 

Ditto 

- 

- 

18.11 

Average 

- 

- 

20.51 

19.  Grape  wine 

- 

18.11 

20.  Calcavella 

- 

- 

19.20 

Ditto  - 

- 

18.10 

Average 

- 

- 

18.65 

21.  Vidonia 

- 

19.25 

22.  Alba  Flora 

- 

- 

17.26 

23.  Malaga 

- 

17.26 

24.  White  Hermitage 

- 

- 

17.43 

25.  Rousillon  - 

- 

19.00 

Ditto  - 

- 

- 

17-26 

Average 

- 

18.13 

proportion  of  alcohol,  specific  gravity 
100  parts  of  several  kinds  of  wine 


Proportion  of  Spirit 
per  cent,  by  Measure. 


26. 

Claret 

- 

- 

17.11 

Ditto  - 

- 

16.32 

Ditto 

■ 

- 

14.08 

Ditto  - 

- 

12.91 

Average 

- 

- 

15.10 

27- 

Zante 

- 

17.05 

28. 

Malmsey  Madeira 

- 

- 

16.40 

29. 

Lunel 

- 

15.52 

30. 

Slieraaz 

- 

- 

15.52 

31. 

Syracuse 

- 

15.28 

32. 

Sauterne 

- 

- 

14.22 

33. 

Burgundy  - 

- 

16.60 

Ditto 

- 

- 

15.22 

Ditto  - 

- 

14.53 

Ditto 

- 

- 

1 1.95 

Average 

- 

14.57 

34. 

Hock 

- 

- 

14.37 

Ditto  - - - 

- 

13.00 

Ditto  (old  in  cask) 

- 

- 

8.88 

Average 

- 

12.08 

35 

Nice 

- 

- 

14.63 

36. 

Barsac 

- 

13.86 

37. 

Tent 

- 

- 

13.30 

38. 

Champagne  (still) 

- 

13.80 

Ditto  (sparkling) 

- 

- 

12.80 

Ditto  (red)  - 

- 

12.56 

Ditto  (ditto)  - 

- 

- 

11.30 

Average 

- 

12.61 

39. 

Red  Hermitage 

- 

- 

12.32 

40. 

Vin  de  Grave 

- 

13.94 

Ditto 

- 

- 

12.80 

Average 

- 

13.37 

41. 

Frontignac  (Rivesalte) 

- 

12.79 

42. 

Cote  Rotie  - 

- 

12.32 

43. 

Gooseberry  wine 

- 

- 

11.84 

44. 

Orange  wine  — average 

of  six 

samples  made  by 

a London 

manufacturer  - 

- 

11.26 

45. 

Tokay  - 

- 

- 

9.88 

46. 

Elder  wine 

- 

8.79 

47. 

Cider,  highest  average 

- 

9.87 

Ditto,  lowest  ditto 

- 

5.21 

48. 

Perry,  average  of  4 samples 

7.26 

49. 

Mead 

- 

7.32 

50. 

Ale  (Burton)  - 

- 

- 

8.88 

Ditto  (Edinburgh) 

- 

6.20 

Ditto  (Dorchester) 

- 

- 

5.56 

Average 

- 

6.87 

51. 

Brown  Stout  - 

- 

- 

6.80 

52. 

London  Porter  (average)  - 

4.20 

53. 

Ditto  Small  Beer  (ditto)  - 

1.28 

54. 

Brandy 

- 

53.39 

55. 

Rum 

- 

53.68 

56. 

Gin  - 

- 

57.60 

57. 

Scotch  Whiskey 

- 

at 

54.32 

58. 

Irish  ditto  - 

- 

53.90 

WINE. 
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The  wines  employed  in  the  experiments  upon  which  the  preceding 
table  is  founded,  were  selected  with  all  possible  caution  as  to  purity  and 
quality;  a given  measure  of  each  (saturated,  when  necessary,  with  lime 
or  potassa)  was  carefully  distilled  nearly  to  dryness,  and  the  bulk  of  the 
distilled  product  vras  exactly  made  equal  to  that  of  the  original  wine  by 
the  addition  of  distilled  water.  After  twenty-four  hours  its  specific  gra- 
vity was  determined,  and  thence  the  quantity  of  alcohol,  by  reference  to 
Gilpin  s tables.  The  management  of  this  and  similar  distillations  is  well 
described  by  Mr.  Faraday.  ( Manip .) 

The  change  which  wine  undergoes  in  the  cash , is  sometimes  connected 
with  a continuance  of  the  fermentation,  during  which  it  deposits  tartar 
in  combination  with  a peculiar  glutiniferous  extractive  and  colouring- 
matter,  the  terms  red  and  white  tartar  being  applied  to  its  varieties : the 
solvent  power  of  the  wine  over  tartar  diminishes  in  proportion  to  the 
alcohol  which  it  contains,  so  that  the  strongest  wines  are  always  in  this 
respect  the  least  acid*.  In  bottles  the  same  changes  continue  as  in  the 
cask,  but  they  are  extremely  slow  and  imperfect ; the  wine,  however, 
deposits  its  crust  of  glutinous  extractive  and  tartar;  and  it  is  not 
uncommon  to  find  in  many  wines,  which  have  been  long  in  bottle,  crystals 
of  tartar,  and  also  of  bitartrate  of  lime,  the  proportion  of  all  which 
varies  in  different  wines,  and  in  the  same  wine  according  to  the  time 
which  it  had  previously  been  kept  in  the  cask.  Another  character  of 
wine  which  is  also  much  influenced  by  its  age  in  bottle,  is  that  refined 
and  delicate  flavour  and  odour,  termed  bouquet , or  perfume,  and  upon 
which  so  much  of  the  excellence  and  consequent  value  of  some  kinds  of 
wine  depends.  This  quality  seems  sometimes  to  depend  upon  the  pro- 
duction’of  a species  of  volatile  oil,  and  in  others,  upon  the  formation  of 
something  ethereal,  but  it  is  so  fleeting  and  destructible,  that  we  have 
nothing  but  surmise  to  offer  upon  that  subject.  There  is  no  apparent 
limit  to  the  time  for  which  some  wines  may  be  kept  not  only  in  a perfect, 
but  apparently  in  an  improving  state,  in  bottle;  such  especially  are 
madeira  and  sherry.  Many  of  the  red  wines  go  on  for  a time  improving, 
in  consequence  of  the  deposition  of  extractive,  tannin,  and  tartar ; they 
then  deteriorate,  losing  colour  and  flavour ; this  is  the  case  with  port. 
The  aroma  or  bouquet  of  claret  is  much  improved,  up  to  a certain  point, 
and  is  then  apt  gradually  to  decline ; yet,  the  deposit  from  that  wine,  or 
the  apparent  change  which  it  suffers  in  bottle,  is  remarkably  small : I 
have  seen  it  after  twenty-five  years  to  have  deposited  nothing  more  than 
a thin  transparent  film  of  colouring  extractive,  nearly  equal  on  the 
whole  of  the  interior  of  the  bottle,  together  with  a slight  sediment  of 
the  bitartrates  of  lime  and  potassa.  Some  of  the  rich  sweet  wines 
acquire  a flavour  slightly  resembling  that  of  acetic  ether  after  remaining 
many  years  in  bottle,  and  during  this  change  they  become  less  and  less 
saccharine. 

The  effervescent  wines  are  bottled  before  the  fermentation,  as  relating 
to  the  formation  of  carbonic  acid,  is  complete ; the  consequence  is,  that 


* In  cask,  too,  the  wine  is  changed  by 
evaporation,  and  the  pores  of  the  wood 
seem  to  admit  of  the  passage  of  aqueous 
vapour,  whilst,  as  is  the  case  with  blad- 


der, they  oppose  the  transpiration  of 
alcoholic  vapour,  so  that  whilst  wine  in 
the  wood,  diminishes  in  bulk,  it  probably 
increases  in  strength. 
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that  gas  continues  to  be  formed,  and' is  necessarily  retained  by  and  com- 
pressed in  the  wine.  Some  of  these  wines  are  liable  to  become  ropy ; the 
glutinous  part  of  the  juice  not  having  been  entirely  decomposed,  in 
consequence  of  the  incomplete  fermentation,  separates  in  the  form  of  a 
viscid  matter,  not  unlike  white  of  egg.  Pure  tannic  acid,  prepared 
according  to  Pelouze’s  method,  (see  p.  927,)  is  said  by  Dumas  to  prevent 
this  effect;  or  even  the  addition  of  powdered  galls,  to  the  wine  before 
bottling. 

The  colour  of  wines  arises  from  various  causes.  Red  wines  derive 
their  colour  from  the  purple  husk  or  skin  of  the  grape,  the  colouring- 
matter  of  which  becomes  soluble  in  proportion  as  alcohol  is  developed, 
and  is  reddened  by  the  acid  of  the  juice : tannin  is  derived  from  the 
same  source,  and  perhaps  sometimes  from  the  seeds ; this  gives  to  red 
wines  their  astringency  and  action  on  the  salts  of  iron.  Some  white 
wines , Sauterne,  and  Barsac  especially,  and  I think  some  of  the  Rhenish 
wines,  become  brown  or  even  blackish,  after  a few  hours  exposure  to 
air,  which  arises  either  from  the  presence  of  some  modification  of  tannin, 
or  from  their  containing  together  with  that  principle,  a trace  of  some 
protosalt  of  iron,  which,  by  the  action  of  the  air,  becomes  peroxidized, 
and  gives  the  colour.  The  yellow  or  brown  colour  of  what  are  called 
white  wines , arises  from  extractive  matter;  it  is  also  frequently  arti- 
ficial, and  the  greater  part  of  brown  sherry  is  tinted  by  burned  sugar. 
The  colour  of  red  wines  is  also  often  communicated  by  various  additions, 
respecting  which,  and  the  means  of  detecting  them,  some  details  will  be 
found  in  Berzelius’s  Chemistry,  (iii.  949,  Wohler’s  edition.) 

Alcohol.  This  term,  which  is  of  Arabic  origin,  is  applied  to  the 
intoxicating  principle  of  vinous  and  spirituous  liquors,  a fragrant  limpid 
liquid,  the  properties  of  which  we  shall  proceed  to  examine.  The 
history  of  alcohol  is  obscure,  but  its  discovery  is  generally  attributed  to 
Raymond  Lully,  or  to  Arnold  of  Villa  Nova,  or  Villeneuve,  a chemist  who 
resided  at  Montpellier,  in  1300;  but  inasmuch  as  the  Egyptians  seem  to 
have  derived  their  chemical  knowledge  from  the  Oriental  nations,  and  as 
we  know  that  distillation  was  practised  by  them  at  a very  remote  period, 
it  is  more  than  probable,  that  alcohol  was  amongst  their  numerous 
discoveries. 

The  spirit  of  wine  of  commerce,  is  alcohol  diluted  by  a variable  pro- 
portion of  water,  and  generally  containing  traces  of  a peculiar  volatile 
of  formed  apparently  during  fermentation,  and  obstinately  retained  by 
the  spirit.  It  is  from  this  source  that  we  obtain  pure  or  anhydrous , or 
as  it  is  often  called,  absolute  alcohol;  for  this  purpose  various  methods  are 
pursued,  among  which  the  following  are  preferable. 

Put  some  pure  lime,  which  has  been  well  burned,  into  an  alembic  or 
retort,  and  pour  upon  it  whilst  yet  warm,  its  weight  of  spirit  of  wine, 
leaving  the  mixture  for  24  hours,  and  then  proceeding  to  distil  it  slowly 
at  a temperature  below  212°.  The  first  portions  which  pass  over  are 
pure  alcohol , the  last  portions,  especially  if  the  spirit  was  not  very  strong, 
are  apt  to  contain  water,  and  should  therefore  be  kept  apart.  The 
alcohol  may  be  regarded  as  anhydrous,  when  its  specific  gravity  is  not 
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diminished  by  a repetition  of  the  distillation.  (Gay  Lussac,  Ann.  de  Chim ., 
lxxxvi.,  17o,  xcv.,  311.  Ann.  de  Chim.  et  Flips .,  ii.,  130.)  Acetate, 
tartrate,  or  carbonate  of  potassa  are  sometimes  used  to  deprive  alcohol 
of  water,  but  they  are  not  so  effective  as  lime.  When  carbonate  of 
potassa  is  used,  it  should  be  added  warm  to  the  spirit,  and  the  mixture 
well  stirred  or  shaken ; such  quantity  is  requisite  as  to  leave  a small 
portion  of  the  salt  undissolved : upon  standing  at  rest,  the  mixture  soon 
separates  into  two  portions : the  uppermost  is  the  alcohol ; the  lower,  an 
aqueous  solution  of  the  carbonate  : the  alcoholic  portion  being  carefully 
decanted  from  the  residue,  is  to  be  put  into  a retort,  and  about  three- 
fourths  of  it  distilled  over  at  a moderate  heat  into  a cooled  receiver.  Dry 
chloride  of  calcium  may  also  be  used,  and  is  a very  effective  agent  for 
the  separation  of  the  water  from  alcohol.  Caustic  potassa  is  sometimes 
employed,  but  it  acts  chemically  upon  the  alcohol  itself.  Dried  sul- 
phate of  lime,  sulphate  of  soda,  and  some  other  anhydrous  salts  eagerly 
absorptive  of  water,  have  also  been  proposed,  but  they  are  inadequate  to 
the  total  abstraction  of  the  water. 

When  spirit  of  wine  is  put  into  a bladder,  or  into  a glass  vessel 
with  a wide  mouth,  tied  over  with  bladder,  it  is  found  that  the  aqueous 
vapour  penetrates  the  animal  membrane,  in  preference  to  the  alcoholic 
vapour,  so  that  the  spirit,  by  spontaneous  evaporation,  becomes  thus 
concentrated  within  the  bladder  or  vessel ; spirit  of  the  specific  gravity 
of  .867,  was  thus  easily  reduced  to  .81 7*  ( Quarterly  Journal , viii.  381, 
and  xviii.  180.)  But  this,  though  a curious  experiment,  in  illustration 
of  the  passage  of  vapours  through  membranes,  is,  at  all  events,  only 
adapted  to  strengthen  common  spirit,  and  not  to  the  preparation  of  pure 
alcohol*. 

Professor  Graham  has  ingeniously  proposed  to  concentrate  alcohol  as 
follows.  ( Edinb . Phil.  Trans.,  1828.)  A shallow  vessel  is  sprinkled 
over  with  coarsely-powdered  quicklime,  and  a smaller  one  containing 
spirit  of  wine  is  placed  just  above  it ; both  are  covered  by  a proper 
bell-glass,  upon  the  plate  of  an  air-pump,  and  the  air  exhausted  till  the 
alcohol  begins  to  boil.  Of  the  vapour  which  rises,  the  lime  only  absorbs 
the  aqueous  part,  and  as  water  cannot  remain  under  these  circumstances 
in  alcohol,  unless  covered  by  an  atmosphere  of  its  own  vapour,  it  con- 
tinues in  uninterrupted  evaporation,  whilst  the  escape  of  alcohol  is 
prevented  by  the  pressure  of  its  own  unabsorbed  vapour.  If  sulphuric 
acid  be  substituted  as  the  absorbent  instead  of  quicklime,  it  absorbs  both 
vapours,  and  the  whole  of  the  spirit  evaporates. 

Pure  alcohol  is  a limpid,  colourless  liquid,  of  an  agreeable  smell,  and 
a strong  pungent  flavour.  From  its  action  on  the  system  it  may  be 
termed  poisonous ; when  more  or  less  dilute  it  is  intoxicating.  The 
mode  in  which  it  kills  animals,  and  the  physiology  of  inebriation  have 
been  studied  by  Orfila  and  by  Sir  B.  Brodie.  {Phil.  Trans.)  It  is 
considerably  lighter  than  water.  Its  specific  gravity  varies  with  its 
purity;  the  purest  obtained  by  rectification  over  lime,  or  absolute  alcohol , 
being  .791  ; as  it  usually  occurs  it  is  .820,  at  60°.  If  rendered  as  pure 


* Smugglers,  who  bring  spirits  into 
Paris  in  bladders  concealed  about  their 
persons,  have  long  known,  that  although 


it  lost  bulk,  it  acquired  strength  : hence 
the  preference  given  to  this  contraband 
article. 
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as  possible  by  simple  distillation,  it  can  scarcely  be  obtained  of  a lower 
specific  gravity  tlian  .825,  at  60°.  The  London  Pharmacopoeia  states 
rectified  spirit  to  have  the  specific  gravity  of  .835.  Alcohol  is  sufficiently 
volatile  to  produce  considerable  cold  during  evaporation,  though  in  this 
respect  much  inferior  to  ether.  The  degree  of  cold  is  proportional  to  the 
purity  of  the  alcohol.  ( Quarterly  Journal , x.  187-) 

Alcohol  has  never  been  frozen,  and  consequently  is  particularly  useful 
in  the  construction  of  thermometers  intended  to  measure  intense  degrees 
of  cold.  Alcohol  of  the  specific  gravity  of  .7947,  boils  at  173°.  (Barom. 
29.5.)  When  of  a specific  gravity  of  .825,  it  boils  at  the  temperature 
of  1780,  the  barometrical  pressure  being  30  inches.  When  its  specific 
gravity  is  as  low  as  .800,  its  boiling-point  is  173.5°;  and  when  raised  by 
the  addition  of  water  to  a specific  gravity  of  .900,  its  boiling-point, 
according  to  Dalton,  is  elevated  to  182°.  A table  of  the  boiling-points  of 
various  mixtures  of  alcohol  and  water,  founded  on  M.  Groening’s  expe- 
riments, is  giving  in  the  Annals  of  Philosophy , N.  A.,  v.  313.  In  the 
vacuum  of  an  air-pump  alcohol  boils  at  common  temperatures.  The 
specific  gravity  of  the  vapour  of  alcohol  compared  with  atmospheric  air, 
is  1.613.  (Gay  Lussac,  Ann.  de  Chim.  et  Phys .,  i.)  One  volume  of 
alcohol  produces  488.3  volumes  of  vapour,  calculated  at  the  temperature 
of  212°.  According  to  Berzelius  and  Dulong,  the  density  of  the 
vapour  of  anhydrous  alcohol  is  1.6004.  {Ann.  de  Chim.  et  Phys .,  xv.) 
To  become  vapour,  alcohol  absorbs  only  0.436,  the  heat  required  to 
evaporate  an  equal  weight  of  water.  According  to  Despretz,  the  latent 
heat  of  alcoholic  vapour  is  to  that  of  steam,  as  331.9  to  531.  Dr  Ure, 
{Phil.  Trans ..  1818,)  has  given  a table  of  the  forces  of  vapour  of  alcohol 
at  different  temperatures.  The  expansibility  of  alcohol  by  heat  is  such, 
that  1000  parts,  (specific  gravity  .817,)  at  50°,  becomes  1079  parts  at 
170°.  At  1 10°,  half-way  between  the  extremes,  the  alcohol  was  at  1039, 
or  half  a division  below  the  true  mean.  The  more  the  alcohol  is  diluted 
with  water,  the  greater  Mr.  Dalton  found  the  disproportion  to  be  between 
the  two  parts  of  the  scale.  When  of  the  specific  gravity  .967,  corre- 
ponding  to  75  2}er  cen b water,  the  ratio  of  expansion  through  the 
first  half  between  50°  and  1 70°,  was  to  that  through  the  second  half,  as 
35  to  45.  {Henry’s  Elements , ii.,  319  ; 9th  edit.)  The  following  table  of 
the  contraction  of  alcohol  in  cooling  down  from  its  boiling-point,  is  given 
by  Dumas,  as  founded  upon  Gay  Lussac’s  experiments. 


Temp.  Temp. 


Cent. 

Fahr. 

Volume. 

Cent 

Fahr. 

Volume. 

78.14° 

. . 173° 

1000.0 

38.4° 

101° 

954.4 

73.4 

164 

. . 994.4 

33.4 

92 

. . 948.9 

68.4 

. . 155 

988.6 

28.4 

83 

943.6 

63.4 

146 

982.5 

23.4 

73 

. . 938.6 

58.4 

136 

975.7 

18.4 

65 

934.0 

53.4 

128 

970.9 

13.4 

56 

. . 929.3 

48.4 

119 

. . 965.3 

8.4 

47 

. . 924.5 

43.4 

110 

960.0 

3.4 

39 

919.9 

Alcohol  has  a strong  affinity  for  water,  and  at  common  tempera- 
tures absorbs  a little  of  the  aqueous  vapour  of  the  atmosphere.  It 
may  be  mixed  in  all  proportions,  with  water,  and  the  specific  gravity  of 
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the  mixture  is  greater  than  the  mean  of  the  two  liquids,  in  consequence 
of  the  diminution  of  bulk  that  occurs  on  mixture ; this  may  be  shown  by 
the  following  experiment : — 

The  annexed  wood-cut  represents  a tube  with  two  bulbs, 
communicating  with  each  other,  the  upper  one  being  supplied 
with  a well-ground  glass  stopper.  Fill  the  tube  and  lower  bulb 
with  water , pour  alcohol  slowly  into  the  upper  bulb,  and  when 
full  put  in  the  stopper.  The  vessel  will  now  be  completely 
filled,  the  alcohol  lying  upon  the  water;  if  it  be  inverted,  the 
alcohol  and  water  will  slowly  mix,  and  the  condensation  that 
ensues  will  be  indicated  by  the  empty  space  in  the  tube.  A 
considerable  rise  of  temperature  takes  place  in  this  experiment, 
in  consequence  of  the  condensation.  Thus,  equal  measures  of 
alcohol  (of  a specific  gravity  of  .825)  and  water,  each  at  50°, 
afford,  when  suddenly  mixed,  a temperature  of  70° ; and  equal 
measures  of  proof-spirit  and  water,  each  at  50°,  give,  under 
similar  circumstances,  a mixture  of  the  temperature  of  60°. 

When  alcohol  and  water  are  mixed,  the  contraction  increases 
till  the  mixture  consists  of  100  parts  of  alcohol  and  116.23  of 
water.  According  to  Rudberg,  100  volumes  of  this  mixture,  at 
59°,  contain  53.739  volumes  of  anhydrous  alcohol,  and  49.836  of 
water,  the  condensation  therefore  amounts  to  3.575.  The 
specific  gravity  is  0.927  at  59°.  Departing  from  this  point,  the 
contraction  produced  by  fresh  additions  of  water  becomes  more 
and  more  feeble,  and  terminates  in  apparent  dilatation : thus 
Tillaye  found,  that  when  equal  volumes  of  dilute  alcohol,  specific 
gravity  0.954,  and  water,  were  mixed,  the  specific  gravity 
became  0.9768,  whereas,  if  there  had  been  no  expansion,  the  density 
would  have  been  0.9772.  The  following  table  calculated  by  Rudberg, 
from  the  experimental  results  of  Gay  Lussac  and  Tralles,  further  illus- 
trates this  subject.  {Ann.  de  Chim.  et  Phys .,  xlviii.  33. 


Volume  of  Alcohol 

Contraction,  in  hun- 
dredths of  the  volume; 

per  cent. 

of  the  mixture. , 

100 

. 0. 

95  . 

1.18 

90 

. 1.94 

85  . 

2.47 

80 

. 2.87 

75  . 

3.19 

70 

. 3.44 

05  . 

3.015 

00 

. 3.73 

55  . 

3.77 

Volume  of  Alcohol 

Contraction,  in  hun- 
dredths of  the  volume. 

per  cent. 

of  the  mixture. 

50 

. 3.745 

45  . 

3.04 

40 

. 3.44 

35  . 

3.14 

30 

. 2.72 

25  . 

2.24 

20 

. 1.72 

15  . 

1.20 

10 

. 0.72 

5 . 

0.31 

In  reference  to  this  table,  Dumas  remarks,  that  the  maximum  of 
contraction  indicates  55  per  cent,  of  alcohol,  but  that  Rudberg’s  expe- 
riments place  it  at  54  per  cent .,  wdiich  is  equivalent  by  weight  to  1 
atom  of  alcohol  and  3 atoms  of  water,  or  23  + 27- 

The  absolute  amount  of  the  contraction  varies  with  the  temperature ; 
according  to  Tralles,  at  39°  it  amounts  to  3.97  j at  52°  to  3.77 > at  64°  to 
3.60 ; and  at  100°  to  3.31.  (See  also  Gilpin’s  Tables , in  reference  to  this 
subject.) 
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The  strength  of  such  spirituous  liquors  as  consist  of  water  and  alcohol, 
is  ascertained  by  their  specific  gravity  % and  for  the  purpose  of  levying 
duties  upon  them,  this  is  determined  by  the  hydrometer ; but  the  only 
correct  mode  of  ascertaining  the  specific  gravity  of  liquids,  is  by  weighing 
them  in  a delicate  balance,  against  an  equal  volume  of  pure  water,  of  a 
similar  temperature.  (See  p.  136.) 

The  facilities,  however,  in  using  the  hydrometer  are  such  as  to  render 
it  best  fitted  for  the  practical  purposes  of  the  excise,  and,  consequently, 
the  Committee  of  the  Royal  Society  have  recommended  to  the  govern- 
ment a form  of  this  instrument,  which  they  consider  best  adapted  to  the 
purpose,  accompanied  by  proper  tables;  from  their  report  (drawn  up  by 
Mr.  Faraday),  I make  the  following  extract,  which  will  explain  the  most 
important  parts  of  the  inquiry  relating  to  the  composition  and  density  of 
Proof  Spirit  t. 

“With  regard  to  the  substance,  alcohol , upon  which  the  excise  dut}ms 
to  be  levied,  there  appears  to  be  no  reason,  either  philosophical  or  prac- 
tical, why  it  should  be  considered  as  absolute . A definite  mixture  of 
alcohol  and  water  is  as  invariable  in  its  value  as  absolute  alcohol  can 
be.  It  is  also  invariable  in  its  nature;  and  can  be  more  readily , and  with 
equal  accuracy,  identified  by  that  only  quality  or  condition  to  which 
recourse  can  be  had  in  practice,  namely,  specific  gravity.  A diluted 
alcohol  is,  therefore,  that  which  is  recommended  by  us  as  the  only  excise- 
able  substance;  and  as,  on  the  one  hand,  it  will  make  no  difference  in 
the  identification,  and  on  the  other,  will  be  a great  commercial  advantage,, 
it  is  further  recommended  that  the  standard  be  very  nearly  that  of  the 
present  proof-spirit. 


* There  are  other  methods  of  judging 
of  the  strength  of  spirituous  liquors, 
which,  though  useful,  are  not  accurate, 
such  as  the  taste,  the  size  and  appear- 
ance of  the  bubbles  when  shaken,  the 
sinking  or  floating  of  olive-oil  in  it,  and 
the  appearances  that  it  exhibits  when 
burned ; if  it  burns  away  perfectly  to 
dryness,  and  inflames  g;unpowder  or  a 
piece  of  cotton  immersed  in  it,  it  is  con- 
sidered as  alcohol.  The  different  spiri- 
tuous liquors  leave  variable  proportions  of 
water,  when  thus  burned  in  a graduated 
vessel.  But  it  must  be  recollected  that 
in  rum,  brandy,  and  several  other  spirits, 
the  specific  gravity  is  often  interfered 
with  by  extractive,  colouring,  and  sac- 
charine substances,  often  fraudulently 
added  with  a view  to  diminish  their 
apparent  strength.  In  examining  these 
liquors,  they  should  be  distilled  in  the 
manner  described  above  in  reference  to 
wine,  and  the  specific  gravity  of  the  dis- 
tilled portion  will  then  give  an  indication 
of  the  proportion  of  alcohol  per  cent,  that 
may  be  relied  on.  In  respect,  however, 
to  ,the  excise , distillation  is  inconvenient, 
and  is,  therefore,  I believe,  only  resorted 
to  in  extreme  or  very  suspicious  cases. 


-f-  Hitherto  the  term  proof-spirit  has 
been  but  indefinitely  employed.  I)r. 
Thomson,  quoting  the  act  of  parliament 
of  1762,  states,  that  at  the  temperature 
of  60°,  the  specific  gravity  of  proof-spirit 
should  be  0.916;  and  he  also  observes 
that  proof-spirit  usually  means  a mixture 
of  equal  bulks  of  alcohol  and  water ; but 
the  specific  gravity  of  such  a mixture 
will,  of  course,  depend  upon  that  of  the 
standard  alcohol , which  is  not  specified. 
It  appears  from  Gilpin’s  Tables , that 
spirit  of  the  specific  gravity  .916,  at  60°, 
consists,  by  weight , of  100  parts  of  alcohol, 
specific  gravity  .825,  at  60°,  and  7 5 of 
water;  and,  by  measure , of  100  parts  of 
the  same  alcohol,  and  61.87  of  water. 
From  the  Tables  of  Lowitz,  quoted  by 
Dr.  Thomson,  from  Crell’s  Annals 
(1796,  i.,  202),  equal  weights  of  alcohol, 
specific  gravity  .796,  at  60°  (and  which 
may  be  regarded  as  pure  alcohol ),  and 
water,  have  a specific  gravity  of  .917? 
which  is  very  near  legal  proof,  and  which, 
according  to  Gilpin’s  Tables , contains 
62.8  parts  per  cent,  of  his  alcohol,  by 
measure.  The  proof-spirit  of  the  Phar- 
macopoeia ( spiritus  tenuior ) is  directed  to 
be  of  the  specific  gravity  .930. 
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“ The  proposition  of  your  committee  is,  that  standard  spirit  he  that 
which,  consisting  of  alcohol  and  water  alone,  shall  have  a specific  gravity 
of  0.92  at  the  temperature  of  62°  Fahr.,  water  being  unity  at  that  same 
temperature;  or,  in  other  words,  that  it  shall  at  62°  weigh  Tooths,  or  Ilths 
of  an  equal  hulk  of  water  at  the  same  temperature.  The  temperature  of 
62°  Fahr.  is  recommended  as  the  standard,  because  it  is  that  at  which 
water  was  taken  in  the  late  national  survey  and  adjustment  of  weights 
aud  measures.  The  specific  gravity  of  0.92  is  taken  rather  than  0.918633 
(the  specific  gravity  of  present  proof-spirit  at  62°),  because  the  fraction 
expressing  its  relation  to  water  is  much  more  simple,  and  will  facilitate 
the  construction  of  the  tables  and  the  verification  of  the  instruments 
proposed  to  be  used. 

“This  definition  of  standard  spirit  appears  to  your  committee  to  he  very 
simple,  and  yet  as  exact  as  it  can  he,  or  as  any  other  standard  spirit  can 
be.  This  standard  is  rather  weaker  than  the  old  proof-spirit , in  the 
proportion  of  nearly  1.1  gallon  of  the  present  proof-spirit  per  cent.  But 
this  disadvantage  your  committee  consider  as  trifling  compared  with  the 
great  convenience  which  will  result  if  the  specific  gravity  of  0.92  be  taken 
rather  than  0.918633. 

“ It  may  he  interesting  hereafter  to  ascertain  what  proportion  of  abso- 
lute alcohol  enters  into  the  composition  of  the  recommended  standard 
spirit,  should  the  latter  be  adopted  by  the  government ; hut  the  point 
possesses  not  the  slightest  practical  importance  in  relation  to  the  present 
question.  The  proposed  standard  is  in  fact  more  definite,  more  sure,  and 
more  ascertainable  than  that  of  the  alcohol  which  it  must  contain. 
Philosophers  are  not  yet  agreed  upon  absolute  alcohol,  and  the  differences 
of  specific  gravity  assigned  at  60°  vary  from  .7910  to  .7980.  But  as- 
suming the  truth  to  be  somewhere  within  these  extremes,  the  proposed 
standard  would  contain  nearly  one-half  by  weight  of  absolute  alcohol: 
.7947  at  59°,  Berzelius ; .7960  at  60°,  Turner  from  Saussure?  .7910  at 
60°,  Brande ; -7980  Chaus sier ; .79235  at  64°,  Gay  Lussac. 

“ I11  any  mixture  of  alcohol  and  water  the  specific  gravity  appears  to 
he  the  only  quality  or  condition  to  which  recourse  can  be  had  for  the 
practical  purposes  of  the  excise,  in  order  to  indicate  the  proportion  of 
standard  spirit  present.  Your  committee  are  of  opinion  that  the  hydro- 
meter is  the  instrument  best  fitted  in  the  hands  of  the  excise-officer  to 
indicate  that  specific  gravity;  and  they  think  it  ought  to  be  so  graduated 
as  to  give  the  indication  of  strength,  not  upon  an  arbitrary  scale , but  in 
terms  of  specif  c gravity  at  a fixed  temperature , which , in  the  present  case , 
should  be  62°,  or  that  of  the  standard  spirit.  The  graduation  in  terms  of 
specific  gravity  will  not  only  supply  a very  minute  yet  sensible  scale  for 
the  purpose  of  ascertaining  smaller  differences  in  the  density. than  is  done 
by  the  present  scale,  but  will  also  afford  an  easy  means  of  verifying  the 
instruments  when  required.” 

In  the  Philosophical  Transactions  for  1794,  Mr.  Gilpin  has  given  a 
copious  and  valuable  series  of  tables  of  the  specific  gravity  of  mixtures 
of  alcohol  and  water,  and  of  the  condensation  that  ensues,  with  several 
other  particulars.  These  are  extremely  useful,  as  enabling  us  to  ascertain, 
without  difficulty,  the  relative  quantity  of  alcohol  contained  in  any 
mixture  of  known  specific  gravity.  The  original  tables  are  very 
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voluminous,  and  have  been  variously  abridged ; but  as  they  are  published 
separately,  they  should  be  in  the  hands  of  all  persons  engaged  in  these 
inquiries.  As  far  as  the  experimental  chemist  is  concerned,  the  following 
table,  by  Lowitz,  will  probably  be  found  sufficient.  It  shows  the  quan- 
tity of  absolute  alcohol  (specific  gravity  .7960  at  60°)  contained  in  diluted 
alcohol  of  different  specific  gravities*. 


100  parts. 

Sp.  Gravity. 

100  parts. 

— 

Sp.  Gravity. 

100  parts. 

Sp.  Gravity. 

Ale. 

Wat. 

At  68°. 

At  60°. 

Ale. 

Wat. 

At  68°. 

At  60°. 

Ale. 

Wat. 

At  68°. 

At  60°' 

100 

0 

0-791 

0-796 

66 

34 

0-877 

0-881 

32 

68 

0-952 

0-955 

99 

1 

0-794 

0-798 

65 

35 

0-880 

0-883 

31 

69 

0-954 

0-957 

98 

2 

0-797 

0-801 

64 

36 

0-882 

0-886 

30 

70 

0-956 

0-958 

97 

3 

0-800 

0-804 

63 

37 

0-885 

0-889 

29 

71 

0-957 

0-960 

96 

4 

0-803 

0-807 

62 

38 

0-887 

0-891 

28 

72 

0-959 

0-962 

95 

5 

0-805 

0-809 

61 

39 

0-889 

0-893 

27 

73 

0-961 

0-963 

94 

6 

0-808 

0-812 

60 

40 

0-892 

0-896 

26 

74 

0-963 

0-965 

93 

7 

0-811 

0-815 

59 

41 

0*894 

0-898 

25 

75 

0-965 

0-967 

92 

8 

0-813 

0-817 

58 

42 

0-896 

0-900 

24 

76 

0-966 

0-968 

91 

9 

0-816 

0-820 

57 

43 

0-899 

0-902 

23 

77 

0-968 

0-970 

90 

10 

0-818 

0-822 

56 

44 

0-901 

0-904 

22 

78 

0-970 

0-972 

89 

11 

0-821 

0-825 

55 

45 

0-903 

0-906 

21 

79 

0-971 

0-973 

88 

12 

0-823 

0-827 

54 

46 

0-905 

0-908 

20 

80 

0-973 

0-974 

87 

13 

0-826 

0-830 

53 

47 

0-907 

0-910 

19 

81 

0-974 

0-975 

86 

14 

0-828 

0-832 

52 

48 

0-909 

0-912 

18 

82 

0-976 

0-977 

85 

15 

0-831 

0-835 

51 

49 

0-912 

0-915 

17 

83 

0-977 

0*978 

84 

16 

0-834 

0-838 

50 

50 

0-914 

0-917 

16 

84 

0-978 

0*979 

83 

17 

0-836 

0-840 

49 

51 

0-917 

0-920 

15 

85 

0-980 

0-981 

82 

18 

0-839 

0-843 

48 

52 

0-919 

0-922 

14 

86 

0-981 

0-982 

81 

19 

0-842 

0-846 

47 

53 

0*921 

0*924 

13 

87 

0-983 

0-984 

80 

20 

0-844 

0-848 

46 

54 

0-923 

0-926 

12 

88 

0-985 

0-986 

79 

21 

0-847 

0-851 

45 

55 

0-925 

0-928 

11 

89 

0-986 

0-987 

78 

22 

0-849 

0-853 

44 

56 

0-927 

0-930 

10 

90 

0-987 

0-988 

77 

23 

0-851 

0*855 

43 

57 

0-930 

0-933 

9 

91 

0-988 

0-989 

76 

24 

0 853 

0-857 

42 

58 

0-932 

0*935 

8 

92 

0*989 

0-990 

75 

25 

0-856 

0-860 

41 

59 

0-934 

0-937 

7 

93 

0-991 

0-991 

74 

26 

0-859 

0-863 

40 

60 

0-936 

0-939 

6 

94 

0-992 

0-992 

73 

27 

0-861 

0-865 

39 

61 

0-938 

0*941 

5 

95 

0-994 

72 

28 

0-863 

0-867 

38 

62 

0-940 

0-943 

4 

96 

0-995 

71 

29 

0-866 

0-870 

37 

63 

0-942 

0-945 

3 

97 

0-997 

70 

30 

0-868 

0-872 

36 

64 

0-944 

0*947 

2 

98 

0-998 

69 

31 

0-870 

0-874 

35 

65 

0-946 

0-949 

1 

99 

0-999 

68 

32 

0-872 

0-875 

34 

66 

0-948 

0-951 

0 

100 

1-000 

67 

33 

0-875 

0-879 

33 

67 

0-950 

0-953 

1 

1 

* French  authors  are  still  in  the  inconvenient  habit  of  referring  to  Baumes 
hydrometer  in  speaking  of  the  specific  gravities  of  liquids,  both  lighter  and  heavier 
than  water : the  following  tables  show  the  real  specific  gravities  at  the  temperature 
of  55°  Fahr.,  corresponding  with  the  degrees  of  Baume’s  instrument. 


FOR  L 

I QUIDS 

LIGHTER  T 

HAN 

WATER 

Deg. 

Sp.  Gr. 

Deg. 

Sp  Gr. 

Deg. 

Sp.  Gr. 

10  = 

: 1-000 

21 

= -922 

32  : 

= *856 

11 

•990 

22 

•915 

33 

•852 

12 

•985 

23 

•909 

34 

•847 

13 

•977 

24 

•903 

35 

•842 

14 

•970 

25 

•897 

36 

•837 

15 

•963 

26 

•892 

37 

•832 

16 

•955 

27 

•886 

38 

•827 

17 

•949 

28 

•880 

39 

•822 

18 

•942 

29 

•874 

40 

•817 

19 

•935 

30 

•867 

20 

•928 

31 

•861 

FOR  LIQUIDS  HEAVIER  THAN  WATER. 


Deg. 

Sp.  Gr. 

Deg. 

Sp.  Gr. 

Deg. 

Sp.  Gr. 

0 = 

1-000 

27  = 

: 1-230 

54  = 

1-594 

3 

1-020 

30 

1-261 

57 

1-659 

6 

1-040 

33 

1-295 

60 

1-717 

9 

1-064 

36 

1-333 

63 

1*779 

12 

1-089 

39 

1-373 

66 

1-848 

15 

1-114 

42 

1-414 

69 

1-920 

18 

1-140 

45 

1-455 

72 

2 000 

21 

1-170 

48 

1-500 

24 

1-200 

51 

1-547 
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Alcohol  is  extremely  inflammable,  and  burns  with  a pale-blue  flame, 
scarcely  visible  in  bright  day-light.  The  heat,  however,  of  its  flame  is 
very  intense,  as  may  be  shown  by  suspending  in  it  a coil  of  fine  platinum- 
wire,  which  becomes  white  hot.  It  occasions  no  fuliginous  deposition 
upon  substances  held  over  it,  and  the  products  of  its  combustion  are 
carbonic  acid  and  water,  the  weight  of  the  water  considerably  exceeding 
that  of  the  alcohol  consumed.  According  to  Saussure,  jun.,  100  parts  of 
alcohol  afford,  when  burned,  136  parts  of  water,  the  production  of  which 
may  be  shown  by  substituting  the  flame  of  alcohol  for  that  of  hydrogen, 
in  the  apparatus  fig.  201 ; and  if  the  tube  at  its  extremity  be  turned 
down  into  a glass  jar,  it  will  be  found  that  a current  of  carbonic  acid 
passes  out  of  it,  which  may  be  rendered  evident  by  lime-water. 

When  alcohol  is  burned  at  lower  temperature  than  that  required  for 
its  inflammation,  as  by  the  action  of  hot  platinum  (p.  207),  the  pro- 
ducts of  its  combustion  are  very  different ; the  proportion  of  carbonic 
acid  is  less,  and  acetic  acid  is  formed. 

There  are  some  substances  which  communicate  colour  to  the  flame  of 
alcohol ; from  boracic  acid  it  acquires  a greenish-yellow  tint ; nitre  and 
the  soluble  salts  of  baryta  cause  it  to  burn  yellow,  and  those  of  strontia 
give  it  a beautiful  rose-colour ; cupreous  salts  impart  a fine  green  tinge. 
The  curious  monochromatic  effect  of  common  salt  has  been  above  ad- 
verted to,  (p.  206,  note .) 

Mr.  Graham  has  shown  that  alcohol  may,  in  many  instances,  be 
combined  with  saline  bodies,  forming,  as  it  were,  a substitute  for  water 
of  crystallization.  Such  combinations  may  be  called  alcohates.  They 
are  obtained  by  dissolving  the  substances  by  heat  in  absolute  alcohol,  and 
are  deposited  as  the  solution  cools,  more  or  less  regularly  crystallized. 
They  appear  to  be  definite  compounds,  and  in  some  of  them  the  alcohol 
is  retained  by  an  attraction  so  powerful,  as  not  to  be  evolved  at  a tempe- 
rature of  400  or  500°.  Mr.  Graham  has  examined  the  alcoholic  com- 
binations of  chloride  of  calcium,  nitrate  of  magnesia,  nitrate  of  lime, 
chloride  of  zinc,  and  chloride  of  manganese.  (Quarterly  Journal ',  N.  A., 
Dec.,  1828.) 

The  action  of  chlorine  and  other  halogens  on  alcohol,  we  shall  con- 
sider amongst  ethers.  It  dissolves  nearly  all  the  acids,  giving  rise  to  an 
important  and  varied  class  of  compounds,  resulting  from  their  mutual 
action : these  also  will  be  described  in  the  next  Section,  relating  to  ether : 
but  there  are  also  a series  of  curious  phenomena,  arising  out  of  the  mere 
mixture  of  alcohol  and  acids,  first  observed  by  Chevreul,  and  subsequently 
examined  by  Pelouze.  When  sulphuric  acid,  for  instance,  is  mixed  with 
alcohol,  the  mixture  has  no  action  upon  any  neutral  carbonate,  and  yet 
it  decomposes  acetate  of  potassa,  evolving  acetic  acid.  A mixture  of 
alcohol  and  muriatic  acid  does  not  act  upon  carbonate  of  potassa,  but  it 
decomposes  the  carbonates  of  soda,  lime,  strontia,  and  magnesia.  A 
mixture  of  alcohol  and  nitric  acid  is  without  action  upon  carbonate  of 
potassa,  but  it  acts  powerfully  on  carbonate  of  lime,  and  of  strontia,  and 
slowly  on  carbonate  of  soda,  baryta,  and  magnesia.  An  alcoholic  solution 
of  acetic  and  of  tartaric  acid  decomposes  none  of  the  carbonates : a 
similar  solution  of  citric  acid  decomposes  carbonate  of  potassa  and  of 
magnesia,  but  not  carbonate  of  baryta,  strontia,  or  lime  ; and  the  alcoholic 
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solution  of  oxalic  acid  decomposes  carbonate  of  strontia,  of  lime,  and  of 
magnesia,  but  not  carbonate  of  potassa.  The  addition  of  a small  quantity 
of  water  does  not  affect  these  mixtures,  for  when  a saturated  solution  of 
carbonate  of  potassa  is  mixed  with  the  alcoholic  solution  of  acetic  acid,  the 
carbonate  is  precipitated  without  effervescence:  an  alcoholic  solution, 
therefore,  may  appear  neutral  to  tests,  whilst,  in  reality,  strongly  acid. 
It  is  difficult  to  suggest  an  explanation  of  these  statements. 

Alcohol  dissolves  a small  quantity  of  sulphur,  especially  at  its  boiling- 
temperature,  but  the  greater  portion  is  deposited,  on  cooling,  in  small 
brilliant  crystals : the  solution  has  a peculiar  odour.  When  a flask  of 
alcohol  is  suspended  in  the  head  of  an  alembic,  containing  sulphur,  and 
the  latter  melted,  so  that  as  its  vapour  rises  it  may  be  condensed  with 
that  of  the  alcohol,  a reddish-yellow  liquid  passes  over,  containing  sul- 
phuretted hydrogen : this  solution  becomes  milky  upon  the  addition  of 
water,  and  appears  to  contain  about  a hundredth  part  of  sulphur.  A 
very  similar  solution  may  be  obtained  by  passing  sulphuretted  hydrogen 
into  alcohol,  under  slight  pressure.  Alcohol  also  dissolves  phosphorus, 
taking  up  about  a 240th  part  at  its  boiling-point,  and  retaining  a 320th 
part  when  cold.  This  solution  is  luminous  in  the  dark  on  exposure  to 
air,  and  produces  a beautiful  pale,  but  ineffectual  flame,  when  poured 
upon  hot  water.  Carbon  is  insoluble  in  alcohol,  but  it  dissolves  carburet 
of  sulphur,  and  the  solution  is  decomposed  by  the  alkalis,  (see  p.  509.) 

Potassium  and  sodium  slowly  decompose  alcohol  at  common  tempera- 
tures ; heated  with  it,  they  evolve  carburetted  hydrogen.  Potassa  and 
soda  are  soluble  in  alcohol,  and  it  is  sometimes  resorted  to  as  a means  of 
the  purification  of  those  alkalis ; after  a time,  however,  they  begin  to  act 
upon  each  other,  and  complicated  changes  ensue ; carbonate  of  the  alkali 
is  formed,  and  carbonaceous  matter  evolved,  on  the  application  of  heat  ; 
by  their  slow  mutual  action,  acetic  acid,  a resin,  and  a species  of  brown 
extractive,  appear  to  be  formed.  Ammonia  and  its  carbonates  are  soluble 
in  alcohol : it  absorbs  a large  quantity  of  ammoniacal,  and  of  several 
other  gases.  Lithia,  baryta,  strontia,  and  lime,  are  almost  insoluble  in 
alcohol,  even  in  their  hydrated  states ; so  also  are  the  fixed  alkaline 
carbonates : their  sulphurets  are  soluble.  The  greater  number  of  the 
chlorides  % iodides,  and  bromides,  which  are  soluble  in  water,  are  soluble 
also  in  alcohol,  and  with  many  of  them  definite  alcoholized  compounds  are 
produced : the  same  is  the  case  with  some  of  the  nitrates : but  the  sul- 
phates are  almost  all  insoluble,  hence  the  use  often  made  in  the  analysis 
of  mixtures  of  salts,  of  the  separative  power  of  alcohol. 

The  uses  of  alcohol  in  the  arts,  and  its  applications  to  various  econo- 
mical purposes,  are  extremely  numerous : to  the  chemist  it  is  a most 
valuable  species  of  fuel,  but  we  are  almost  debarred  from  its  use  by  the 
excise  regulations ; and  for  the  same  reason  many  manufactures,  in 
which  alcohol  is  an  essential  agent,  cannot  be  carried  on  in  this  country. 
Its  solvent  powers,  in  regard  to  resins,  oils,  and  other  organic  products, 
have  been  elsewhere  noticed  : its  medicinal  and  pharmaceutical  employ- 


* The  mutual  action  of  chloride  of 
platinum  and  alcohol  has  been  studied 
by  Zeise,  and  his  inquiries  seem  to  lead 
to  the  existence  of  a peculiar  class  of 


salts,  of  which  hydrocarbon  and  the 
chlorides  are  the  elements ; he  terms 
them  etherized  salts . 
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ment  is  also  important ; and  as  an  exhilarating  stimulant  in  wines,  beer, 
and  other  fermented  liquors : the  mischief,  on  the  other  hand,  which 
results  from  its  improper  use,  is  very  extensive,  as  illustrated  in  the 
broken  constitution  of  mind  and  body  which  characterizes  the  dram- 
drinker  and  the  habitual  drunkard. 

Decomposition  and  Component  Parts  of  Alcohol.  When  alcohol 
is  passed  through  a red-hot  tube  it  is  decomposed,  more  or  less  perfectly 
according  to  the  temperature,  and  to  the  rapidity  of  its  passage : the 
most  accurate  experiments  upon  this  subject  are  those  of  T.  de  Saussure, 
{Ann.  de  Chim .,  xlii.  and  lxxxix. ;)  he  passed  the  vapour  of  alcohol 
slowly  through  a red-hot  porcelain  tube ; there  was  deposited  upon  its 
interior  a little  charcoal,  a volatile  crystalline  substance  (probably  naph- 
thaline), and  a brown  empyreumatic  oil ; and  gas  was  evolved,  the  specific 
gravity  of  which  was  0.586,  and  which  was  a mixture  of  carburetted 
hydrogen,  carbonic  oxide,  and  hydrogen. 

When  alcohol-vapour  and  oxygen  are  mixed  in  proper  proportions, 
and  fired  by  an  electric  spark,  a violent  explosion  ensues,  and  carbonic 
acid  and  water  are  the  results : 1 volume  of  alcohol-vapour  requires 
3 volumes  of  oxygen  for  its  perfect  combustion,  and  the  result  is, 
2 volumes  of  carbonic  acid,  and  3 volumes  of  aqueous  vapour. 

Dumas  and  Boullay  analyzed  alcohol  by  oxide  of  copper  (Ann.  de 
Chim.  et  Phys .,  xxxvi.  294),  and  the  results  of  their  experiments,  with 
those  of  other  analysts  (corrected  for  absolute  alcohol),  give  the  following 
as  the  composition  of  this  fluid : 

Dumas  and 


Saussure. 

Boullay. 

Carbon  .... 

2 . . 

12 

. . 52.18 

. . 51.98  . . 

52.17 

Hydrogen  . . . 

3 . . 

3 

. . 13.04 

. . 13.70  . . 

13.31 

Oxygen  .... 

I . . 

8 

. . 34.78 

. . 34.32  . . 

34.52 

Anhydrous  alcohol 

1 

23 

100.00 

100.00 

100.00 

It  lias  been  above  stated,  that  the  specific  gravity  of  alcohol-vapour 
is  1.60,  and  with  this  its  calculated  density,  in  reference  to  the  above 
analysis,  closely  agrees,  for 

Volumes.  Sp.  Gr. 

Carbon  vapour  ....  1.  . . 0.8438 

Hydrogen  gas  ....  3.  . . 0.2064 

Oxygen  gas 0.5  . . 0.5513 

Alcohol  vapour  ...  1 1.6015 

And  these  results,  expressed  in  other  terms,  are  equivalent  to  olefiant  gas- 
mid  water  % or 


Olefiant  gas  . 

1 

14 

• 0 

60. 7 

Vols. 

= 1 

Sp.  Gr. 

0.981 

Water  . . . 

1 

9 

• • 

39.3 

= 1 

0.620 

Alcohol  . . 

1 

23 

100.0 

= 1 

1.601 

Adopting  these  views  of  the  atomic  composition  of  alcohol,  its  equiva- 
lent is  23,  but  chemical  authorities  differ  upon  this  subject,  some  repre- 
senting alcohol  by  the  equivalent  46,  and  considering  it  as  a compound 

9 

* According  to  Dr.  Ritchie,  alcohol  is  resolved  by  electrochemical  decomposi- 
tion intu  olefiant  gas  and  water. 
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of  1 atom  of  etherine  r=  28  (see  p.  489),  and  2 atoms  of  water  = 18,  or 
a binhydrate  of  etherine.  This  is  the  atomic  composition  of  alcohol,  as 
given  by  Dumas ; and  it  will  be  found,  in  some  cases,  a more  convenient 
theoretical  expression  than  the  former.  In  reference,  then,  to  the  pre- 
ceding statements,  we  may  adopt  any  of  the  following  representative 
formulae  for  alcohol : (2  CdT  + 3 A + O),  or  (2  COLT  + 2 A)  + f or 
(4  CdT  + 4 h ) + 2 > an(l  the  following  diagrams  will  further  illustrate 

them,  and  show  the  number  of  component  atoms  or  volumes  that  arc 
condensed  in  1 atom  of  alcohol,  or  in  1 volume  of  alcohol  vapour*. 


§ XXII.  ETHER. 

« 

When  mixtures  of  alcohol,  and  the  stronger  acids,  are  subjected  to  dis- 
tillation, a liquid  is  formed  to  which  the  term  ether  is  applied,  (or  by  the 
Germans,  naphtha ,)  and  the  nature  and  composition  of  which  differs 
according  to  the  acid  employed ; in  some  cases,  containing  the  acid  or  its 
elements ; and  in  others,  not  containing  them.  Ether  of  the  latter  de- 
scription, is  produced  by  the  mutual  action  of  alcohol  and  sulphuric  acid, 
and  is  frequently  termed  sulphuric  ether,  but  I shall  merely  term  it  ether ^ 
and  shall  designate  those  ethers  which  do  contain  the  acid  or  one  of  its  ele- 
ments, by  the  acid  employed,  such  as  nitrous , muriatic , acetic  ether,  &c. 
The  compounds  which  accompany  the  formation  of  the  various  ethers,  or 
which  are  essential  to  their  production,  will  also  be  considered  in  this 
section. 

Ether.  Sulphuric  Ether.  This  liquid  is  first  described  by  Vale- 
rius Cordus  in  1 540,  under  the  name  of  oleum  vitrioli  dulce.  The  term 

* I have  stated,  in  reference  to  the  analysis  of  sugar,  the  difficulty  of  deter- 
mining the  equivalent  of  that  compound  as  regards  the  atoms  of  carbon : if  we 
adopt  Gay  Lussac’s  view  of  the  conversion  of  sugar  into  alcohol,  sugar  must  be 
regarded  as  a compound  of  3 atoms  of  carbon,  3 of  hydrogen,  and  3 of  oxygen, 
which,  by  fermentation,  is  resolved  into  1 atom  of  carbon  and  2 of  oxygen  = 
carbonic  acid, — and  into  2 atoms  of  carbon,  3 of  hydrogen,  and  1 of  oxygen  — 
alcohol ; or  if  we  adopt  symbols,  the  change  would  stand  as  follows : — 

45  Sugar  = 22  Carbonic  Acid  and  23  Alcohol. 

(3  CdT  + 3 A + 3 0)  = ( CdT  + 2 0)  + (2  CdT  + 3 A + 0) 

According  to  Gay  Lussac,  100  lbs.  of  sugar  should  afford  51.34  of  alcohol  and  48.76 
of  carbonic  acid ; and  the  conversion  of  sugar,  without  the  absorption  of  oxygen, 
into  carbonic  acid  and  alcohol,  is  strongly  in  favour  of  this  view  of  its  atomic  con- 
stitution, and  opposed  to  that  which  supposes  an  excess  of  carbon.  (Sec  p.  904.) 
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ether  was  applied  to  it  190  years  afterwards  by  Frobenius,  who,  in  a 
paper  in  the  Phil.  Trans.,  described  its  singular  properties ; at  the  end  of 
this  paper  is  a note  by  Godfrey  Hankwitz,  Mr.  Boyle’s  operator,  mention- 
ing the  experiments  that  had  been  made  upon  it  by  Boyle  and  by  New- 
ton. Since  that  period  the  process  of  etherification  has  been  minutely 
studied. 

Production  of  Ether.  1.  Ether  is  usually  obtained  either  by  distilling 
a mixture  of  sulphuric  acid  and  alcohol,  or  by  suffering  alcohol  gradually 
to  dribble  into  the  heated  and  somewhat  diluted  acid.  Mr.  Ii.  Phillips’ 
directions  for  the  former  process  are  as  follows  : “ Mix  with  1 6 ounces 

of  sulphuric  acid,  an  equal  weight  of  rectified  spirit,  and  distil  about  10 
fluid  ounces ; add  8 ounces  of  spirit  to  the  residuum  in  the  retort,  and 
distil  about  9 fluid  ounces ; or  continue  the  operation  until  the  contents 
of  the  retort  begin  to  rise,  or  the  product  becomes  considerably  sul- 
phurous ; mix  the  two  products,  and  if  the  mixture  consist  of  a light 
and  heavy  fluid,  separate  them : add  potash  to  the  lighter,  as  long  as  it 
appears  to  be  dissolved  ; separate  the  ether  from  the  solution  of  potash, 
and  distil  about  nine-tenths  of  it,  to  be  preserved  as  ether  sulphuricus , 
the  specific  gravity  of  which  ought  to  be  at  most  .750.”  ( Exptl . Exam, 

of  London  Pharmacop.) 

Preparing  ether  upon  a larger  scale,  it  was  found  that  14  parts  of 
alcohol  (specific  gravity  .820)  mixed  with  an  equal  weight  of  sulphuric 
acid  (specific  gravity  1.8,)  and  submitted  to  distillation,  afforded  about  8 
parts  of  impure  ether  (specific  gravity  .770).  7 parts  of  alcohol  were 

then  added  to  the  residuum,  and  about  7f  parts  more  of  impure  ether 
drawn  off.  These  products,  when  mixed,  had  a specific  gravity  of  about 
•782,  and  when  rectified  by  distillation  on  carbonate  of  potassa,  afforded 
1 0^  parts  of  ether,  of  a specific  gravity  of  -735,  and  about  34  parts  of 
ethereal  spirit,  which  was  employed  instead  of  an  equal  quantity  of 
alcohol  in  the  next  operation. 

These  processes,  when  carried  on  on  a small  scale,  may  be  conducted 
in  glass  retorts  with  adopters  and  cooled  receivers ; but  upon  the  large 
scale,  a leaden  still  or  alembic  is  most  convenient.  The  ether-apparatus 
employed  at  Apothecaries’  Hall,  consists  of  a leaden  still,  heated  by  means 
of  high-pressure  steam  carried  through  it  in  a contorted  leaden  pipe ; a 
tube  enters  the  upper  part  of  the  still,  for  the  purpose  of  suffering  alcohol 
gradually  to  run  into  the  acid  in  a way  which  I shall  presently  explain. 
The  still-head  is  of  pewter,  and  is  connected  by  about  6 feet  of  tin  pipe, 
with  a very  capacious  eondensing-worm,  duly  cooled  by  a current  of 
water ; the  receivers  are  of  pewter  with  glass  lids,  and  have  a side  tube 
to  connect  them  with  the  delivering  end  of  the  worm-pipe.  In  conduct- 
ing this  operation,  too  much  caution  cannot  be  observed  in  avoiding  the 
proximity  of  fire,  and  the  use  of  fragile  vessels ; in  all  cases  in  which 
ether  is  to  be  dealt  with  these  cautions  cannot  be  too  strictly  enforced, 
as  will  be  more  evident  when  its  properties  are  stated.  One  of  the  great 
advantages  in  using  steam  as  the  source  of  heat  is,  that  it  obviates  the 
necessary  vicinity  of  fire. 

2.  Boullay’s  process  for  the  production  of  ether,  which  is  preferable  to 
the  former,  is  the  following : equal  parts  of  sulphuric  acid  and  of  alcohol 
(specific  gravity  .837)  are  cautiously  mixed  in  a tubulated  retort  con- 
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nected  with  a tubulated  receiver  by  means  of  a long  adopter ; the  retort 
is  placed  in  a sand-beat,  and  the  receiver  cooled  by  the  proper  applica- 
tion of  water.  An  S tube  passes  air-tight  through  the  tubulature  of  the 
retort,  the  lower  end  of  which  is  drawn  out  into  a very  small  or  almost 
capillary  opening,  and  so  adjusted  as  to  dip  to  about  two-thirds  of  the 
depth  of  the  liquid  in  the  retort ; heat  is  then  applied  by  the  sand-bath 
till  the  contents  of  the  retort  just  begin  to  appear  to  boil ; the  fire  is  then 
slackened  or  damped  so  as  to  keep  up  a regular  ebullition,  and  as  the 
apparatus  is  air-tight,  the  expansion  within  is  suffered  to  escape  by  a 
siphon  tube,  which  passes  through  the  tubulature  of  the  receiver.  When 
about  2 pints  of  product  have  passed  over,  an  equal  quantity  of  alcohol  is 
so  gradually  suffered  to  trickle  into  the  retort  by  the  S tube,  as  not  to  check 
ebullition,  but  to  compensate  for  that  which  distils  over ; when,  in  this 
way,  a quantity  of  alcohol  has  been  added  equal  to  that  contained  in  the 
original  mixture,  the  operation  is  generally  left  to  itself,  and  as  soon  as 
white  vapours,  and  drops  of  oil  appear  in  the  adopter,  the  fire  is  with- 
drawn. The  products  of  this  distillation  are  usually  divided  into  three 
parts ; the  first  is  alcohol  with  a little  ether,  which  first  passes  over  ; 
the  second  and  largest  portion  is  mixed  with  a sixteenth  of  its  weight  of 
carbonate  of  potassa,  which  abstracts  water  and  sulphurous  acid,  and 
decomposes  any  oil  of  wine  that  may  chance  to  be  contained  in  it ; this 
mixture  is  shaken,  and  when  the  ether  has  acquired  a sweet  and  pure 
odour,  it  is  rectified  by  slow  distillation  from  a water-bath  till  two-thirds 
of  its  original  bulk  have  distilled  over ; this  portion  is  pure  ether. 
The  residue  of  the  rectification  is  mixed  with  the  last  portion  of  the 
original  distillation,  and  kept  for  some  days  in  contact  with  the  carbona  t\ 
of  potassa  before  used,  and  a little  water  and  peroxide  of  manganese  are 
added  so  as  to  get  rid  of  the  sulphurous  acid  ; when  this  is  done,  the 
stratum  of  ether  is  drawn  off  and  rectified,  but  it  never  equals  in  quality 
that  of  the  former  part  of  the  process. 

It  will  be  observed  that,  in  this  process,  a large  additional  quantity 
of  alcohol  is  gradually  added,  and  converted  into  ether  by  the  original 
portion  of  sulphuric  acid ; and  by  obvious  contrivances,  the  same  thing 
may  be  effected  with  the  still  and  apparatus  used  on  the  large  scale. 

3.  Mitscherlich  (in  the  first  volume  of  his  Lehrbuch  der  Chemie) 
has  added  some  important  facts  to  the  preceding  details,  and  has  given 
a form  of  apparatus  for  the  production  of  ether  which  well  illustrates  it. 
It  consists  of  a large  flask  or  bolthead,  the  mouth  of  which  is  closed  with 
a cork  having  three  perforations,  one  of  which  allows  the  insertion  of  a 
thermometer  by  which  the  temperature  of  the  contents  of  the  flask  can 
be  regulated ; the  second  admits  of  the  passage  of  a small  tube  termi- 
nating at  its  upper  end  in  a funnel,  and  at  its  lower,  within  the  flask,  in 
a capillary  opening  which  dips  into  the  liquid ; from  the  third  aperture  a 
tube  issues  for  the  conveyance  of  the  vapours  generated  within  the  flask 
into  a proper  condenser  immersed  in  cold  water  ; the  end  of  this  tube 
within  the  flask  is  slanted  off,  so  that  liquid  forming  in  it  may  drop  back 
into  the  flask  and  not  obstruct  the  free  egress  of  the  vapour.  Absolute 
alcohol  is  first  poured  into  the  flask,  and  then  sulphuric  acid,  somewhat 
diluted,  is  gradually  added,  care  being  taken  to  prevent  the  heating  of  the 
mixture  above  250°  (120  cent.)  The  proportions  are  100  parts  of  sulphuric 
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acid  (which  already  contains  18.5  of  water)  diluted  with  20  parts  of 
water,  and  mixed  with  anhydrous  alcohol,  in  the  proportion  of  50  parts 
to  every  1 00  of  concentrated  acid.  To  this  mixture  heat  is  applied,  and  it 
is  kept  boiling  till  the  thermometer  within  the  flask  indicates  284°  (140 
cent. ;)  two  strips  of  paper  are  then  pasted  upon  opposite  sides  of  the  flask 
to  indicate  exactly  the  hulk  of  its  contents,  by  showing  the  level  of  the 
liquid  within  it ; alcohol  is  then  suffered  to  flow  in  by  the  funnel-tube, 
the  supply  being  so  regulated  as  to  maintain  the  boiling-point  at  284°. 
If,  having  set  out  with  9 ounces  of  sulphuric  acid,  14  oz.  of  water,  and  3 
ounces  of  alcohol  in  the  flask,  the  specific  gravity  of  each  successive  2 
ounces  that  pass  over  into  the  receiver  attached  to  the  condenser  be  de- 
termined, that  of  the  first  2 ounces  will  be  0.780,  that  of  the  two  follow- 
ing 0.788,  and  this  gradually  increases  to  0.798,  at  which  the  density 
generally  arrives  by  the  ninth  or  tenth  ounce,  and  then  remains  con- 
stant ; that  being  nearly  the  density  of  the  alcohol  used. 

If  the  precaution  just  stated  respecting  the  adjustment  of  the  tem- 
perature he  strictly  attended  to,  any  quantity  of  alcohol  may  he  etherized 
by  the  same  portion  of  acid,  which  is  no  further  altered  than  by  foreign 
matters  which  may  he  accidentally  present,  or  by  the  volatilization  of  a 
minute  portion  along  with  the  ethereal  vapour. 

The  liquid  which  passes  over  through  the  condensing-apparatus  into 
the  receiver,  separates  into  twro  parts,  the  lighter  stratum  being  ether, 
with  a little  alcohol  and  water ; and  the  heavier,  water,  with  a little 
alcohol  and  ether ; and  when  the  process  has  been  carefully  conducted, 
the  weight  of  these  products  exactly  corresponds  with  that  of  the  alcohol 
consumed.  In  an  experiment  in  which  a large  quantity  of  product  had 
been  obtained,  it  was  found  to  consist  of  65  ether,  18  alcohol,  17  water ; 
now  the  quantity  of  water  which  should  have  been  evolved  in  the  pro- 
duction of  65  parts  of  ether  is  15.4 ; so  that  the  practical  is  as  near  to 
the  theoretical  result  as  could  he  expected,  considering  the  impossibility 
of  preventing  the  loss  of  ether  by  evaporation,  and  including  errors  of 
experiment.  Careful  manufacturers  obtain  from  100  parts  of  spirit  of 
wine,  containing  76  parts  by  weight  of  anhydrous  alcohol,  60  parts  of 
ether  of  the  specific  gravity  0.727 ; according  to  calculation,  they  should 
obtain  58  parts  of  ether  of  0.724.  With  this  diluted  alcohol,  the  water 
which  passes  over  is  of  course  in  greater  quantity  than  when  absolute 
alcohol  is  used. 

The  ether  of  commerce  almost  always  contains  alcohol,  which  mate- 
rially affects  its  density ; sometimes  it  also  contains  water,  which  is 
the  case  with  what  is  termed  washed  ether  ; and  if  ether  has  been  long 
prepared,  it  is  often  slightly  acid,  and  leaves  a peculiar  odour  when 
rubbed  upon  the  hand.  In  order  to  procure  from  it  perfectly  'pure  ether , 
it  must  be  well  shaken  in  a close  vessel  with  about  twice  its  bulk  of 
water,  and  allowed  to  separate  upon  its  surface ; it  is  then  poured  off, 
and  a sufficient  quantity  of  well-burned  lime  added  to  it,  by  which 
the  water  which  it  had  acquired  by  the  agitation  is  abstracted ; the 
mixture  of  ether  and  lime  is  then  distilled,  care  being  taken  to  prevent 
all  escape  of  vapour,  and  to  keep  the  condensing-receivers  cold,  and  the 
first  third  that  distils  over  may  he  considered  as  pure  ether , free  from 
alcohol  and  from  water. 
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Properties  of  Ether.  Ether  is  a transparent,  colourless,  limpid 
liquid,  of  a peculiar  penetrating  and  agreeable  odour,  and  a pungent  and 
sweetish  taste ; it  is  highly  exhilarating,  and  produces  a remarkable 
species  of  intoxication  when  its  vapour  is  respired  mixed  with  air.  It 
is  neither  acid  nor  alkaline ; it  has  a high  refractive  power  in  regard  to 
light,  and  is  a non-conductor  of  electricity. 

The  specific  gravity  of  ether,  at  68°  is  according  to  Saussure  0.715  ; 
according  to  Gay  Lussac  its  specific  gravity  (in  reference  to  water  at 
its  maximum  density)  at  90°  is  0.69739 ; at  70°  = 0.71 192;  at  68°  = 
0.7154 ; and  at  54°  = 0.7237.  Assuming  the  water  at  the  same  tempe- 
rature as  the  ether,  its  specific  gravity  at  68°  is  = 0.71654;  and  at  58°  it 
is  = 0.7240.  According  to  Dumas  and  Boullay  the  specific  gravity  of 
ether  at  68°  is  = 0.713.  This  exactly  agrees  with  my  own  determination 
of  the  specific  gravity  of  ether  at  60°  which  had  been  washed  and  distilled 
off  quick-lime;  this  refers  to  water  at  40°. 

Ether  is  eminently  volatile*.  At  mean  pressure,  it  boils  according  to 
Gay  Lussac  at  96°.5.  Ether  of  the  specific  gravity  of  .720  maybe  said  to 
boil,  under  a pressure  of  30  inches,  at  98°.  Upon  this  subject,  however, 
the  best  authorities  vary  a little,  in  consequence,  perhaps,  of  variations  in 
the  density  of  the  ether  and  of  barometrical  pressure,  circumstances  which 
easily  influence  the  boiling-point  of  this  liquid ; it  is  also  much  affected  by 
the  nature  and  cleanliness  of  the  vessel  in  which  the  experiment  is  made. 
Dr.  Bostock  found  that  in  a clean  glass  tube,  it  might  be  heated  con- 
siderably above  its  boiling-point,  but  that  when  in  that  state  a few  metal 
filings  or  other  solid  particles  were  thrown  into  it,  its  temperature  instantly 
fell,  and  it  entered  into  ebullition.  (Ann.  of  Phil .,  2nd  series,  viii. 
296.)  The  extreme  volatility  of  ether  renders  it  impossible  to  pour  it 
from  one  vessel  to  another  without  losing  a portion  by  evaporation,  and 
its  vapour,  in  consequence  of  its  density,  is  easily  discerned  passing  off 
from  the  liquid ; it  is  this  which  renders  it  so  dangerous  to  expose  ether 
near  to,  and  especially  above,  the  flame  of  a candle.  This  density  of 
ethereal  vapour  is  well  shown  by  dipping  a flock  of  cotton  into  ether, 
and  placing  it  within  a glass  tube  of  about  an  inch  diameter,  and  18  or 
20  inches  long  ; the  ethereal  vapour  will  descend  and  escape  from  the 
lower  end  of  the  tube,  where  it  may  be  inflamed  by  a lighted  taper,  but 
none  rises  to  the  upper  end  of  the  tube.  If  the  lower  end  of  the  tube 
be  drawn  into  a point  and  bent  upwards,  the  ethereal  vapour  may  there 
be  burned  in  the  manner  of  a gas-light. 

The  great  density  of  ethereal  vapour  was  first  noticed  by  Dr.  Ingen- 
housz,  (Nouvelles  Experiences , p.  180,  as  quoted  by  Dr.  Thomson.) 
Experiments  have  been  made  upon  this  subject  by  Dalton  (Manchester 
Mem.:  2d.  series,  iii.  260)  and  by“Gay  Lussac  and  Despretz.  (Ann.  de 
Chim.  et  Phys .,  i.  218,  and  xxi.  143.)  The  results  of  the  latter  experi- 
mentalists closely  agree,  and  place  the  density  of  ethereal  vapour  at 
mean  pressure  and  temperature,  between  2.5808  and  2.5860  in  reference 
to  air  as  = 1. 


* See  the  experiments  at  pp.  162  and 
168,  (figs.  63  and  67)  in  reference  to  the 
low  boiling-point,  and  the  cold  produced 
by  the  evaporation  of  ether.  It  is  obvi- 


ous that  were  it  not  for  atmospheric 
pressure  we  should  only  know  ether  as  a 
gas  or  vapour,  for  in  vacuo  it  boils  at  all 
temperatures. 
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The  clastic  force  of  ethereal  vapour  is  shown  by  letting  a drop  or  tvto 
pass  up  into  the  vacuum  of  a barometer,  when  it  instantly  depresses  the 
mercury  several  inches,  more  or  less  according  to  the  temperature : hence 
also,  when  thrown  up  into  gases  standing  over  mercury,  it  greatly  augments 
their  bulk.  The  following  table  shows  the  result  of  Mr.  Daltons  experi- 
ments on  the  force  of  ethereal  vapour  at  different  temperatures. 


Temp. 

Force  of  Ethereal  vapour. 

Temp. 

Force  of  Ethereal  vapour. 

36 

• 

• • 

7.5  inches. 

173 

. 120.0 

64 

• 

• • 

15.0 

212 

. 208.0 

96 

• 

• • 

30.0 

220 

. 240.0 

132 

• 

• • 

60.0 

The 

volume  of  liquid 

ether  is  extremely  affected  by  change 

of  tem- 

perature 

; much  more  sc 

than  that 

of  alcohol. 

The  following 

are  the 

results  of  Gay 

Lussac’s 

experiments  upon  this 

subject,  in  which  the 

volume  of  ether,  at  its  boiling-point, 

is  assumed 

= 1.000. 

Cent. 

Fahr  . 

Bulk. 

Cent. 

Fahr. 

Bulk. 

35.66° 

o • 

95°  . . 

1000.0 

5.66° 

42° 

953.6 

30.66 

» • 

87  . . 

991.9 

0.66 

. . 33 

948.0 

25.66 

• * 

76  . . 

983.8 

— 4.33 

. . 26 

941.3 

20.66 

• * 

69 

975.8 

- 9.33 

14 

934.5 

15.66 

• • 

60 

968.2 

-14.33 

4 

928.0 

10.66 

• * 

51 

960.9 

-19.33 

3 

922.0 

According  to  Fourcrov  and  Vauquelin  ether  congeals  or  crystallizes 
when  cooled  down  to  — 46°  {Ann,  cle  Chim .,  xxix.  289,)  but  neither 
Thenard  nor  Bussy  have  been  able  to  freeze  it,  so  that  the  ether  used  by 
the  former  experimentalists  was  probably  impure*. 

When  ether  is  inflamed  it  burns  away  with  a bright  and  slightly 
sooty  flame,  leaving  no  residue,  and  producing  carbonic  acid  and  water  t. 
By  passing  ether  into  a jar  supplied  with  a jet  and  stop-cock,  standing 


* From  the  experiments  of  Gerard  it 
appears  that  ether  passes  more  readily 
through  a capillary  orifice  than  water, 
and  water  than  alcohol;  the  relative 
times  for  equal  measures  of  each  fluid  at 
the  temperature  of  55°,  being  101"  for 
ether,  349"  for  water,  and  856"  for  alco- 
hol. The  comparative  heights  to  which 
these  three  fluids  rose  in  the  same  ca- 
pillary tube  were  = 6 for  ether,  9 for 
alcohol  and  13  for  water.  {Ann.  cle  Chim. 
et  Phys .,  vi.  239.) 

When  ether  is  passed  over  red-hot 
platinum  wire,  or  consumed  in  the  lamp 
without  flame,  an  acid  is  produced,  which 
was  first  examined  by  Mr.  Daniell,(Qwartf. 
Jour,  of  Science  and  Arts , vi.  318.)  He 
obtained  it  by  placing  the  lamp,  filled 
with  ether  and  properly  trimmed  with  a 
coil  of  glowing  platinum  wire,  under  the 
head  of  an  alembic,  in  which  the  vapour 
was  condensed,  and  collected  in  a phial 
applied  to  its  beak.  Lampic  acid , for  so  he 
termed  this  product,  is  colourless,  sour,  I 


and  pungent ; its  vapour  is  very  irritating 
and  its  sp.  gr.,  when  purified,  aboutl.015. 
It  reddens  vegetable  blues,  and  decom- 
poses the  alkaline  carbonates  with  effer- 
vescence. When  added  to  the  solutions 
of  silver,  gold,  platinum,  mercury,  and 
copper,  and  the  mixture  heated,  the 
metals  are  thrown  down  in  the  metallic 
state.  On  distilling  lampate  of  mercury , 
made  by  digesting  peroxide  of  mercury  in 
the  acid,  the  lampic  acid  passes  over  in  the 
form  of  a very  dense  liquid  with  an  in- 
tensely suffocating  odour.  These  pro- 
perties first  induced  Mr.  Daniell  to  con- 
sider this  product  as  a peculiar  acid,  but, 
upon  further  inquiry  into  its  nature  and 
combinations,  {Quart.  Jour .,  xii.  64,)  he 
found  the  acid  to  be  the  acetic,  combined 
with  a compound  of  carbon  and  hydro- 
gen, differing  from  alcohol  and  from 
ether,  and  conferring  upon  it  those  pro- 
perties, in  respect  to  certain  metallic 
solutions,  which  have  been  just  men- 
tioned. 
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over  warm  water,  its  vapour  may  be  burned  at  tlie  jet : if  its  vapour  be 
mixed  with  about  10  volumes  of  oxygen  it  explodes  by  an  electric  spark, 
but  with  smaller  quantities  of  oxygen,  or  with  air,  this  combustion  is 
only  imperfect. 

Exposed  to  air  and  light,  as  in  bottles  which  are  frequently  opened, 
ether  becomes  less  perfectly  volatile,  and  less  capable  of  dissolving  fixed 
oil,  in  consequence  of  the  formation  of  a little  acetic  acid.  The  presence 
of  this  acid  is  not  at  first  apparent  because  it  forms  acetic  ether,  but  it 
gives  the  ether  a peculiar  odour,  and  in  time  it  becomes  acid  to  tests. 
(Planche,  Ann.  de  Chim.  et  Phys .,  ii.  273).  The  best  way  of  preserving 
ether  is  to  keep  it  in  small  well-stopped  bottles,  or  even  in  sealed  tubes, 
and  in  a dark  place.  Gay  Lussac,  in  some  very  old  ether,  which  had 
been  occasionally  exposed  to  air,  and  the  boiling  point  of  which  was 
elevated  to  130°,  found  an  oily  matter,  crystallizable,  and  of  an  ethereal 
odour.  According  to  Dobereiner,  ether  which  has  been  exposed  to  air, 
contains  15  pe r cent,  of  its  volume  of  nitrogen,  the  oxjTgen  having  com- 
bined with  the  ether. 

Ether  is  soluble  to  a certain  extent,  in  water,  of  which  nine  parts  take 
up  one  of  ether;  and  washed  ether  retains  about  a tenth  part  of  water. 

When  a little  ether  is  introduced  into  chlorine,  the  gas  is  absorbed  and 
peculiar  compounds  result,  which  we  shall  afterwards  examine ; when 
bubbles  of  chlorine  are  passed  into  ether,  they  often  cause  inflammation, 
and  when  a small  quantity  of  ether  is  poured  into  a large  jar  of  gaseous 
chlorine,  previously  warmed,  it  occasionally  happens  that  a considerable 
explosion  ensues.  Iodine  and  bromine  are  soluble  in  ether,  and  gradually 
react  upon  and  decompose  it. 

Ether  dissolves  a small  quantity  of  sulphur,  which  is  not  thrown  down 
by  the  addition  of  a little  water:  the  solution  smells  of  sulphuretted 
hydrogen,  and  by  slow  evaporation  deposits  acicular  crystals  of  sulphur. 
I once  had  occasion  to  saturate  about  a pint  of  ether  with  sulphuretted 
hydrogen  gas:  the  solution  was  put  aside  in  a well-stopped  bottle  for 
some  months,  and  had  then  deposited  small  octoe'dral  crystals  of  sul- 
phur. Ether  dissolves  more  than  2 per  cent,  of  phosphorus ; the  solution, 
when  concentrated  by  evaporation,  deposits  crystals  of  phosphorus;  it  is 
luminous  in  the  dark  when  in  contact  of  air,  and  poured  upon  hot-water 
produces  a brilliant  column  of  luminous  vapour.  Exposed  to  air  this 
solution  becomes  sour ; it  deposits  phosphorus  when  mixed  with  water, 
or  with  alcohol.  It  gradually  deposits  a red  matter,  especially  when 
exposed  to  light. 

A small  quantity  of  sulphuric  acid  added  to  ether  produces  no  effect, 
but  a mixture  of  equal  parts  of  ether  and  the  acid,  blackens,  and  yields, 
on  distillation,  oil  of  wine,  olefiant  gas,  acetic  and  sulphurous  acid,  and 
water;  it  leaves  a resinous  matter  and  charcoal.  Heated  with  nitric  acid 
ether  yields  carbonic,  acetic,  and  oxalic  acids. 

Ammoniacal  gas  is  abundantly  absorbed  by  ether.  Potassa  and  soda 
act  feebly  upon  it,  and  give  rise,  among  other  products,  to  acetic  acid, 
which  unites  to  the  alkali.  Potassium  and  sodium  are  slowly  converted 
into  potassa  and  soda,  when  kept  in  ether,  and  hydrogen  is  disengaged ; but 
the  mutual  action  of  these  substances  has  not  been  accurately  studied.  The 
easily  oxidable  metals,  when  kept  in  ether,  such  as  lead,  zinc,  iron,  and 
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tin,  are,  according  to  Berzelius,  slowly  oxidized  and  form  acetates.  Many 
of  the  salts  are  also  soluble  in  ether,  such  as  chlorides  of  gold,  platinum, 
iron,  and  uranium;  the  property  which  ether  has  of  abstracting  these 
salts  from  their  aqueous  solutions  has  been  adverted  to  under  the  history 
of  the  respective  metals.  The  fixed  and  volatile  oils,  many  of  the  resins, 
caoutchouc,  various  forms  of  extractive,  the  alkaloids,  and  some  other 
vegetable  principles  are  more  or  less  soluble  in  ether,  hence  ether  is  often 
employed  in  the  proximate  analysis  of  organic  products,  as  a means  of 
separating  them  from  each  other. 

Alcohol  and  ether  mix  in  all  proportions,  and  as  above  stated,  the 
ether  of  commerce  generally  contains  alcohol,  which  affects  its  density 
and  its  boiling-point:  the  means  of  abstracting  the  alcohol  have  been 
before  mentioned.  Hojf'mciris  anodyne  liquor , and  the  spirit  of  ether  of 
Pharmacy,  are  such  alcoholic  solutions. 

The  following  table  of  the  density  of  various  mixtures  of  ether,  (sp. 
gr.  0.720,)  with  alcohol  (sp.  gr.  0.830),  is  constructed  from  direct  ex- 
periments by  Mr.  Dalton. 


Ethpr.  Alcohol. 

Sp.  Gr. 

Ether.  Alcohol. 

Sp.  Gr. 

100  + 0 . 

. 0.720 

40+60  . 

. 0.792 

90+10  . 

. 0.732 

30  + 70  . 

. 0.804 

80+20  . 

. 0.744 

20  + 80  . 

. 0.816 

70+30  . 

. 0.756 

10  + 90  . 

. 0.828 

60+40  . 

50+50  . 

. 0.768 

. 0.780 

0+100  . 

. 0.830 

Composition  of  Etiier.  When  the  vapour  of  ether  is  passed  through 
a red-hot  tube,  it  is  decomposed  with  nearly  the  same  phenomena  as 
alcohol,  the  gaseous  products  consisting  of  carburetted  hydrogen,  carbonic 
oxide,  and  a trace  of  carbonic  acid. 

Analyzed  by  passing  it  through  red-hot  oxide  of  copper,  ether  fur- 
nishes the  following  elementary  composition, 


Carbon  . 

...  4 

• • 

24 

64.87 

Dumas  and 
Boullay. 

. , 65.0 

Hydrogen 

. . . 5 

• • 

5 

. . 13.51 

13.8 

Oxygen  . 

...  1 

• ♦ 

8 

21.62 

21.2 

Ether  . 

...  1 

37 

100.00 

100.0 

The  specific  gravity  of  ether-vapour  has  been  shown  to  he  2.586, 
and  with  this,  in  reference  to  the  above  analysis,  its  calculated  density  is 
perfectly  consistent,  and  is  as  follows : — 

Volumes.  Sp  Gr. 

Carbon-vapour 2.  . . 1.687 

Hydrogen  gas 5.  . . 0.344 


Oxygen  gas 0.5  . . 0.551 

Ether- vapour 1 2.582 


These  results  may  he  stated,  in  other  terms,  as  follows: — 

Vols.  Sp.  Gr. 

Olefiant  gas  . . 2 . . 28  . . 75.6  = 2 . . 1.C62 

Water  ....  1 . . 9 . . 24.4  = 1 . . 0.620 

1 37  100.0  1 2.582 
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We  thus,  therefore,  may 
consider  37  as  the  equivalent 
of  ether ; and  if  we  substi- 
tute 1 atom  of  quadrihydro- 
carbon  or  etherine , for  2 of 
olefiant  gas,  ether  will  then 
be  a hydrate  of  etherine , and 
the  conversion  of  alcohol  into 
ether  will  consist  in  abstrac- 
ting from  it  1 atom  of  water : 
these  views  are  represented 
in  the  annexed  diagrams,  in 
which  both  weights  and  vo- 
lumes are  evident. 


23  parts  of  Alcohol  ("by 
weight)  consist  of 


One  propor- 

One  propor- 

tional  of 

tional  of 

Olefiant  Gas 

AqueousVa- 

= 14 

pour  = 9 

14+9  = 23 

. -J 

Resulting 
volume  of 
Alcoholic 
Vapour. 


37  parts  of  Ether  (by 
weight)  consist  of 


Two  pro- 
portionals 
of  Olefiant 
Gas 

One  propor- 
tional of 
Aqueous 
Vapour— 9 

14'X  2 
= 28 

28  + 9 = 37 


Resulting 
Volume  of 
Ethereal 
Vapour. 


Or,  assuming  that  view  of  the 
composition  of  alcohol  and  of 
ether  which  represents  the 
former  as  a hinhydrate , and 
the  latter  as  a hydrate  of 
etherine , we  have 


46  parts  of  Alcohol,  com- 
posed of 


One  propor- 
tional of 
Etherine 
= 28 

Two  pro- 
portionals 
of  Aqueous 
Vapour 

9X2 
= 18 

28  + 18=40 


Resulting 

Volume 

of 

Alcoholic 

Vapour. 


37  parts  of  Ether  con- 
sist of 


One  propor- 

One  propor- 

tional  of 

tional  of 

Etherine 

Aqueous 

= 28 

Vapour  = 9 

28  + 9 = 37 


Resulting 
vapour  of 
Ethereal 
Vapour. 


In  either  view  of  the  subject,  it  is  obvious  that  alcohol  is  convertible 
into  ether,  by  the  removal  of  one-half  of  its  elementary  oxygen  and 
hydrogen,  which  are  in  the  proportions  that  form  water. 

We  have  therefore  the  following  as  the  formulae  of  ether:  (4  COLT  + 

5 h+o),  or,  2 (2  car  + 2hy+qfo r,  (4  car + 4 h)+q.' 

Berzelius  has  adopted  another  view  of  these  subjects,  to  which  I have 
elsewhere  adverted,  and  which  consists  in  regarding  ether  as  the  oxide  of 
a compound  inflammable  basis , which  he  terms  ethyle  or  ethule , (from  ether 
and  vXvty  principle ,)  and  which,  from  reference  to  the  preceding  results, 
will  obviously  consist  of  4 atoms  of  carbon,  and  5 of  hydrogen,  and  he 
represented  therefore  by  the  equivalent  29,  (or,  6 x 4 = 24  + 5,)  and  ether 
will  contain  29  ethule  + 8 oxygen  zrr  37-  According  to  this  notion, 
alcohol  is.  a hydrate  of  ether , consisting  of  37  ether  + 9 water  “ 46  ; 
hence  the  necessity  of  the  discordant  double  equivalent  for  alcohol,  to 
which  I have  alluded. 
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Theory  of  Etiierificatton.  In  the  preceding  statement  respecting 
the  formation  of  ether,  I have  purposely  avoided  adverting  to  certain 
intermediate  changes  which  the  alcohol  undergoes,  and  which  we  shall 
presently  proceed  to  examine,  in  order  to  direct  attention  to  the  principal 
and  most  obvious,  or  final  result,  which  is,  its  resolution  into  ether  and 
water,  whilst,  at  the  conclusion  of  the  process,  the  sulphuric  acid  remains 
unchanged.  It  will  be  evident,  from  the  details  which  have  been  given, 
that  two  equivalents  of  alcohol  are  converted  into  one  of  ether  and  one 
of  water ; or  that  one  volume  of  the  vapour  of  ether,  and  one  volume  of 
aqueous  vapour,  are  the  results  of  this  decomposition  of  two  volumes  of 
alcoholic  vapour. 

This  important  fact,  namely,  that  alcohol  is  converted  into  ether  by 
the  abstraction  of  water,  or  its  elements,  was  first  clearly  demonstrated  by 
Gay  Lussac,  who  at  once  conceived,  that  the  sole  effect  and  influence  of 
the  sulphuric  acid  consisted  in  this  abstraction  of  water ; and  the  well- 
known  attraction  of  that  acid  for  water  seemed  to  sanction  the  conclu- 
sion, which  was  further  strengthened  by  the  fact,  that  a similar  ether 
might  also  be  formed  by  the  agencies  of  arsenic,  phosphoric,  and  fluoboric 
acids,  all  of  which,  like  the  sulphuric,  are  strongly  attractive  of  water. 
But  in  this  explanation  two  circumstances  were  overlooked,  namely, 
first,  that  water  may  be  abstracted  from  alcohol  by  the  alkalis,  or  by 
passing  it  through  a red-hot  tube,  and  yet  nothing  like  ether  is  the 
result ; and,  secondly,  that  water,  passes  over  during  the  whole  of  the 
process  along  with  the  ether,  with  which  the  acid  ought  to  combine,  in 
reference  to  decomposing  or  dehydrating  the  alcohol. 

Mitscherlich  considers  the  formation  of  ether  as  a case  of  decompo- 
sition by  contact , conceiving,  that  at  a certain  temperature,  (regulated  by 
the  dilution  of  the  acid,)  alcohol,  on  merely  coming  into  the  contact  of 
sulphuric  acid,  is  resolved  into  ether  and  water : he  cites  the  decom- 
position of  oxygenated  water,  or  peroxide  of  hydrogen,  by  gold,  silver, 
and  peroxide  of  manganese,  and  the  action  of  spongy  platinum  in 
determining  the  combination  of  certain  gases,  together  with  the  con- 
version of  sugar  into  alcohol  and  carbonic  acid  by  the  contact  of  ferment, 
as  parallel  cases ; but  if  these  were  parallel  cases  they  still  throw  no  light 
upon  that  before  us,  and  the  explanation  merely  substitutes  one  difficulty 
for  another. 

That  the  mere  abstraction  of  mater  from  the  alcohol  by  the  sulphuric 
acid,  either  in  consequence  of  its  affinity,  or  by  contact,  is  not  the  sole 
or  efficient  cause  of  the  formation  of  ether,  was  shown,  first  by  I)abit 
( Ann . cle  Chim .,  xxxiv.,  289),  afterwards  by  Sertuerner  and  Vogel,  and 
subsequently  by  Hennell.  ( Phil . Trans.,  1826  and  1828.)  Sertuerner 
found  that  the  sulphuric  acid  underwent  more  complicated  changes;  and 
he  called  the  new  acid,  which  he  conceived  to  result  from  these  changes, 
( Enothionic  acid.  Vogel  afterwards  found,  that  by  the  action  of  the 
alcohol,  the  sulphuric  acid  lost  much  of  its  power  of  precipitating  the 
soluble  salts  of  lead;  and  he  called  the  acid  into  which  it  was  converted, 
Sulphovinic  acid , which  term  we  still  retain.  Mr.  Hennell’s  experiments 
prove,  that  the  mutual  action  of  the  sulphuric  acid  and  alcohol  is  imme- 
diate opoo  mixture;  that  its  saturating  power  is  diminished;  that  the 
new  acid  forms  soluble  salts  with  baryta,  and  oxide  of  lead,  and  other 
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distinct  combinations  '* ; lie  then  goes  on  to  show  that  this  acid,  the  sulpho - 
vinic , contains  sulphuric  acid  and  quadrihydrocarbon,  or  etherine;  and 
considers  it  as  the  agent  by  which  etherine  is  first  formed,  and  then  so 
evolved,  as  to  unite  with  water  to  form  ether:  in  short,  that  in  the 
conversion  of  alcohol  into  ether,  the  formation  of  sulphovinic  acid  is  an 
intermediate  and  a necessary  step,  and  that  this  acid  is  a bisulphate  of 
etherine.  ( 4 CCLT  + 4 Jl  -f-  2 S 5) 

Liebig  admits  that  the  formation  of  sulphovinic  acid  is  an  essential 
step  in  the  process  of  etherification,  but  he  takes  a different  view  of  the 
nature  of  that  acid,  and  considers  it  as  a compound  of  2 atoms  of  anhy- 
drous sulphuric  acid,  2 of  water,  and  1 of  etherine ; or,  assuming  alcohol 
to  be  a binhydrate  of  etherine , and  its  equivalent  46,  he  regards  sulpho- 
vinic acid  as  a bisulphate  of  alcohol  4.  Adopting  this  theory,  we  assume 
that  the  formation  of  sulphovinic  acid  is  the  consequence  of  the  mutual 
action  of  alcohol  and  sulphuric  acid  upon  each  other,  at  a given  temperature , 
which  temperature  is  ensured  by  the  state  of  dilution  of  the  mixture  of 
sulphuric  acid,  alcohol,  and  water:  if  the  acid  be  too  dilute,  the  temperature 
at  which  the  mixture  boils  is  not  high  enough  to  form  the  sulphovinic 
acid,  and  alcohol  passes  over  unchanged;  if  it  be  too  concentrated  the 
temperature  is  too  high,  and  the  alcohol  is  decomposed,  and  olefiant  gas 
is  formed;  it  is  between  these  extremes  that  the  formation  of  sulphovinic 
acid  ensues;  and  the  mixture  most  favourable  to  it,  as  appears  from 
Mitschcrlich’s  statement  (p.  1683),  consists  of  100  parts  of  common  sul- 
phuric acid,  20  of  water,  and  50  of  anhydrous  alcohol. 

Now,  these  proportions  are  very  nearly  equivalent  to  1 atom  of 
common  sulphuric  acid,  1 of  water,  and  2 of  alcohol;  or,  if  we  double  the 
atom  of  alcohol,  for  the  convenience  of  representing  it  as  a binhydrate  of 
etherine  (see  p.  1080),  2 atoms  of  anhydrous  sulphuric  acid  = 80,  2 of 
water  — : 18,  and  1 of  alcohol  — 46;  now  these  proportions  of  sulphuric 
acid  and  alcohol  are,  in  themselves,  exactly  such  as  would  form  sulpho- 
vinic acid ; so  that  we  need  only  suppose  them  to  be  subjected  to  the 
proper  temperature  for  that  purpose ; and  not  only  is  such  temperature 
obtained  by  Mitscheriich’s  method  of  proceeding,  but  it  is  kept  up  during 


* The  immediate  change  in  the  sul- 
phuric acid  is  rendered  evident  by  the 
following  experiments:  440  grains  of 
sulphuric  acid  were  mixed  with  an  equal 
weight  of  alcohol,  specific  gravity  .820; 
the  mixture,  when  cold,  was  diluted  with 
water,  and  saturated  by  carbonate  of 
soda,  of  which  it  required  only  398 
grains;  whereas  440  grains  of  sulphuric 
acid  saturated  555  grains  of  the  same 
carbonate : here,  therefore,  two-sevenths 
of  the  acid  seem  to  have  been  saturated 
by,  or  to  have  entered  into  some  new 
combination  with  the  alcohol. 

440  grains  of  sulphuric  acid  were  mix- 
ed, as  before,  with  its  weight  of  alcohol, 
and  the  mixture  poured  into  a solution 
of  acetate  of  lead ; 542  grains  of  sulphate 
of  lead  only  were  precipitated ; whereas 
the  same  quantity  of  sulphuric  acid  not 


acted  upon  by  alcohol,  threw  down  1313 
grains  of  sulphate  of  lead,  so  that  four- 
sevenths  of  the  acid  had  lost  its  power 
of  precipitating  oxide  of  lead. 

Vogel  and  Gay  Lussac  have  attributed 
this  loss  of  saturating  power  to  the  for- 
mation of  hyposulphuric  acid;  and  they 
regard  the  hyposulphates  and  sulpho- 
vinates  as  only  differing  in  the  latter  con- 
taining ethereal  oil,  which  in  some  way 
acts  the  part  of  water  of  crystallization. 
But  that  this  is  not  a correct  view  of  the 
phenomena  will  appear  from  the  follow- 
ing experiments  on  the  nature  of  oil  of 
wine,  and  of  sulphovinic  acid. 

-f*  We  have  seen  above  that  hydrocar- 
bon, under  certain  circumstances,  per- 
forms the  part  of  a base  (p.  494.)  Liebig’s 
view  therefore,  of  sulphovinic  acid,  repre- 
sents it  as  a hy  drated  bisulphate  of  etherine. 
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the  experiment,  and,  at  the  same  time,  the  continuous  supply  of  alcohol 
furnishes  materials  for  the  constant  formation  of  sulpliovinic  acid;  and  the 
sulphovinic  acid  (consisting  of  2 atoms  of  sulphuric  acid,  2 of  water,  and 

1 of  alcohol,  23  X 2)  is  no  sooner  formed,  than  it  is  resolved  into 
sulphuric  acid,  ether,  and  water;  ether  being  formed  by  subtracting 

2 atoms  of  anhydrous  sulphuric  acid  and  1 atom  of  water  from  1 atom  of 
sulphovinic  acid. 

It  now  only  remains  briefly  to  recapitulate  the  above  statements 
respecting  the  ultimate  and  proximate,  or  theoretical,  composition  of 
alcohol  and  ether,  in  order  to  see  their  mutual  bearings;  and  for  this 
purpose  I have  represented  them  in  the  following  table: 


Equivalent 
Atoms.  Weights 

Carbon  ...  2 ...  12 

Hydrogen  . . 3 ...  3 

Oxygen  ...  1 ...  8 

a Alcohol  ...  1 23 


Equivalent 
Atoms.  Weights. 

Carbon  . . 4 ...  24 

Hydrogen  .6  ...  G 

Oxygen  . . 2 ...  10 

b Alcohol  . . 1 46 


Alcohol. 


or. 


Atoms.  Weights 


Carbon  2 
Hydrogen  2 
Ho.  1 

Oxygen  1 


c Alcohol  1 


Eqvt. 

igh 

| Olefiant  gas  1 
Water  1 


E qvt- 


Atoms.  Weights. 


12 

2 


i}' 


23 


14 


or. 


9 


Atoms. 

Carbon  4 . 
Hydrogen  4 . 
Do.  -2  . 
Oxygen  2 . 


Eqvt..  Eqvt. 

Wght.  Atoms.  W glit. 


1 ...  23  d Alcohol  1 


| Etherine  1 

...  28 

jg  jWater 

2 

...  18 

46  Alcohol 

1 

4G 

Ether. 

Equivalent 

Atoms.  Weights. 

Carbon  4 ...  24 

Hydrogen  ....  5 ...  5 

Oxygen 1 ...  8 

e Ether 1 37 


Equivalent 
Atoms.  Weights. 


Carbon  . . 4 ...  241 

Hydrogen  . 4 ...  4f 

Do.  ...  1 ...  1) 

Oxygen  . . 1 ...  8( 

f Ether ...  1 37 


Atoms. 

Olefiant  gas  2 
W ater  . 1 

Ether . . 1 


Eqnivalent  Equivalent. 

Weights.  Atoms.  Weights. 

28 1 Etherine  1 ...  28 

9}  Water  1 ...  9 

~37  Ether . i 37 


Ether. 

Eqvt.  Eqvt. 

Atoms.  Wght.  Atoms,  Wght. 

Carbon  4 ...  241,-,,.  , . ^ 

u , _ _ I Ethule  1 ...  29 

Hydrogen  5 . . . 5 t 

Oxygen  1 ...  8*  Oxygen  1 ...  8 


G Ether 


1 37  Ether  1 


37 


Atoms. 


Alcohol. 

Eqvt. 
Wght. 


Carbon 

Hydrogen 

Oxygen 

Do. 

Hydrogen 


Atoms. 


h Alcohol 


Eqvt. 

Wght 


4 

...  24 j 

5 

5 . Ether  1 . 

• 37 

1 

...  si 

1 

1 

j*  | W ater  1 . 

. 9 

1 

46  Alcohol  1 

46 

a and  b show  the  ultimate  elements  of  alcohol , in  reference  to  its  single  and  to  its 
double  equivalent ; c represents  alcohol  as  a hydrate  of  olefiant  gas  in  reference  to  the 
equivalent  a;  and  n as  a linhydrate  of  etherine  in  reference  to  the  equivalent  b; 
e shows  the  ultimate  elements  and  equivalent  of  ether ; f represents  it  as  a dihydrate 
of  olefiant  gas , or  as  a hydrate  of  etherine ; G exhibits  ether  as  an  oocide  of  ethule ; nnd 
h alcohol  as  a hydrated  oxide  of  ethule , or  a hydrate  of  ether. 
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§ XXIII.  Combinations  op  Ether,  and  of  Etherine  or  Quadriiiydro- 

CARBON,  WITH  THE  OxY-ACIDS. 

I.  Oil  of  Wine;  Heavy  Oil  of  Wine;  Sulphatic  Ether ; Sulphate 
of  Hydrocarbon.  When  the  distillation  of  a mixture  of  sulphuric  acid 
and  alcohol  is  carried  beyond  the  point  at  which  ether  ceases  to  come 
over,  a portion  of  a liquid,  looking  like  oil,  is  obtained,  to  which  the 
above  names  have  been  applied ; when  washed,  it  has  a hitter  aromatic 
flavour.  It  has  long  been  known  under  the  name  of  oil  of  wine , and  was 
formerly  regarded  as  analogous  in  composition  to  the  volatile  oils.  In 
endeavouring  to  determine  the  ultimate  elements  of  this  oil,  by  passing 
it  over  red-hot  oxide  of  copper,  Mr.  Hennell  always  obtained  sulphurous 
acid,  and  a solution  of  sulphate  of  copper  on  washing  the  oxide  he  had 
used,  notwithstanding  every  precaution  had  been  taken  to  free  the  oil 
from  all  adhering  acid.  A few  drops  of  the  oil  were  added  to  a solution 
of  chloride  of  barium,  and  gently  heated,  but  no  cloud  was  produced, 
although  litmus-paper  indicated  the  presence  of  free  acid;  on  evaporating 
the  mixture,  however,  a precipitate  fell  as  it  became  concentrated;  and, 
on  boiling  to  dryness,  sulphate  of  baryta  was  found  in  the  residue.  It 
appeared,  therefore,  that  the  sulphuric  acid  was  in  some  state  of  combina- 
tion which  prevented  its  usual  action  upon  tests;  or  that  its  elements  were 
in  some  peculiar  state  of  arrangement  in  the  oil  of  wine.  Mr.  Hennell 
made  some  experiments  to  determine  the  quantity  of  sulphuric  acid  thus 
elicited,  from  which  it  appeared,  that  100  grains  of  the  oil  of  wine  afforded 
about  38  grains  of  sulphuric  acid.  His  previous  experiments  had  shown 
him  that  hydrogen  and  carbon  were  also  elements  of  oil  and  wine ; and, 
having  determined  their  proportions  by  distillation  through  oxide  of 
copper  (adhering  moisture  and  acid  having  been  removed  from  the  oil  of 
wine  by  quicklime),  he  obtained  from  100  grains  (mean  of  several  expe- 
riments) 8.30  hydrogen  and  53.70  carbon;  which  appeared  to  indicate 
the  composition  of  oil  of  wine  to  be  62  hydrocarbon , -J-  38  sulphuric  acid. 
It  will  be  observed,  that,  as  respects  the  carbon  and  hydrogen,  the  relative 
proportions  nearly  approximate  to  6 and  1.  Mr.  Hennell  observes,  how- 
ever, in  regard  to  the  above  experiments,  that  we  can  only  infer  from 
them  the  composition  of  the  hydrocarbon  combined  with  and  neutralizing 
the  sulphuric  acid ; for  that  oil  of  wine  dissolves  a variable  quantity  of 
hydrocarbon,  part  of  which  separates  in  a crystalline  form  when  the  oil 
is  kept  for  some  time,  or  when  exposed  to  cold.  Having  thus  far  deter- 
mined the  composition  of  oil  of  wine,  its  action  upon  heated  solutions  of 
chloride  of  barium,  and  chloride  of  potassium,  was  more  particularly 
examined  ; it  having  been  already  observed,  that  in  those  cases  an  acid  is 
evolved,  which  does  not  precipitate  baryta.  Two  hundred  grains  of  oil  of 
wine  were  gently  heated  with  6 ounces  of  water  for  an  hour ; precipitated 
carbonate  of  baryta  was  then  added,  which  dissolved,  with  effervescence, 
to  the  amount  of  90  grains:  the  solution,  filtered  and  set  to  evaporate, 
became  acid,  and  deposited  sulphate  of  baryta.  The  experiment,  there- 
fore, was  repeated;  but  instead  of  evaporating  the  barytic  solution,  it  was 
precipitated  by  carbonate  of  potassa,  and  filtered.  The  filtered  solution, 
evaporated  at  a temperature  not  exceeding  ] 50°,  remained  neutral , and 
afforded  lamellar  crystals,  greasy  to  the  touch,  very  soluble  in  water  and 
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•alcohol,  burning,  when  heated,  with  a flame  like  that  of  ether,  and  leaving 
an  acid  sulphate  of  potassa.  To  determine  the  composition  of  the  crystals, 
20  grains  were  heated  to  redness,  and  left  a residue  of  10.56  grains  of 
sulphate  of  potassa,  equal  to  4.0  sulphuric  acid,  and  5.76  potassa.  20 
grains  were  dissolved  in  a solution  of  caustic  potassa,  boiled  to  dryness, 
heated  red-hot,  and,  when  cold,  dissolved  in  distilled  water;  the  excess 
of  potassa  was  then  saturated  by  nitric  acid,  and  the  solution  added  to 
one  of  chloride  of  barium ; 28  grains  of  sulphate  of  baryta  were  obtained, 
nearly  equal  to  9.6  of  sulphuric  acid:  the  salt,  therefore,  contained  twice 
the  quantity  of  sulphuric  acid  required  to  form  a neutral  salt  with  the 
potassa,  or  two  proportionals.  The  remaining  elements  of  the  salt  were 
determined  by  heating  it  with  oxide  of  copper,  from  which  it  appeared 
that  the  components  of  100  grains  are,  potassa  28.84,  sulphuric  acid 
48.84,  carbon  13.98,  hydrogen  2.34,  water  7-  These  numbers  may  be 
considered  as  indicating 


1 proportional  of  potassa  . 

. = 48 

2 

sulphuric  acid 

. = 80 

4 55 

carbon  . 

. — 24 

4 

hydrogen 

. = 4 

156 

Mr.  Hennell  proceeds  to  show  that  the  salts  obtained  from  oil  of  wine 
are  identical  with  the  sulphovinates  procured  from  the  mixture  of  sul- 
phuric acid  and  alcohol  ; the  sulphovinic  acid , therefore,  must  be  re- 
garded as  a compound  of  two  proportionals  of  sulphuric  acid,  and  one  of 
hydrocarbon,  (consisting  of  4 proportionals  of  carbon  24,  and  4 
hydrogen  4 ;)  and  corresponding,  therefore,  to  the  quadrihydro- 
carbon  or  etherine , above  described.  (P.  489.)  This  acid,  however,  has 
the  property  of  neutralizing  single  proportionals  only  of  bases ; so  that 
one  proportional  of  the  sulphuric  acid  appears  to  be  neutralized  by  the 
hydrocarbon,  furnishing  an  analogous  instance  to  the  sidphonaphthalic 
acid  already  mentioned.  (P.  493.) 

When  sulphovinates  are  formed  through  the  medium  of  oil  of  wine , 
a portion  of  quadrihydrocarbon  is  thrown  off,  amounting  to  half  that 
which  is  contained  in  the  oil ; now,  as  oil  of  wine  is  a perfectly  neutral 
compound,  it  may,  in  fact,  be  regarded  as  a sulphovinate  of  etherine , 
which  in  it  performs  the  part  of  a base ; and  we  may  regard  it  as  com- 
posed of 


Sulphuric  acid  . . 2 

Carbon  ....  8 

Hydrogen  ...  8 

Oil  of  wine  ...  1 


80  2 

Etherine  . . 2 

138  or  1 


80 

58 

138 


Such  is  Mr.  Hennelfs  view  of  the  nature  of  oil  of  wine , and  it  ob- 
viously also  includes  that  of  sulphovinic  acid,  which  he  considers  as  a 
compound  of  sulphuric  acid,  with  half  the  above  quantity  of  hydro- 
carbon, or 


Sulphuric  acid  . . 2 

Carbon 4 

Hydrogen ....  4 

Sulphovinic  acid  1 


80  2 

24 ) 

^ j Etherme  . . 1 

108 1 


80 


28 


108 
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The  part  which  the  sulphovinic  acid  performs  in  the  generation  of 
ether,  I have  already  explained,  and  Mr.  Xlennell  has  shown,  in  the  papers 
which  I have  quoted,  not  only  that  ether  may  be  obtained  from  the  sul- 
phovinic acid  as  it  exists  in  the  sulpliovinates,  by  combining  its  hydrocarbon 
with  water,  but  also  that  by  doubling  the  water,  it  yields  alcohol . 

Serullas  prepares  this  oil  of  wine  as  follows  ( Ann . de  Chim.  et  Phys ., 
xxxix.,  153.)  He  distils  a mixture  of  1 part  of  alcohol,  and  2.5  of  con- 
centrated sulphuric  acid ; a little  ether  is  first  formed,  then  a yellow  oil, 
accompanied  by  an  aqueous  acid  liquor ; the  oil  is  separated,  washed  in 
cold  water,  and  then  transferred  to  the  receiver  of  the  air-pump,  where  it 
is  placed  by  two  capsules,  the  one  containing  sulphuric  acid,  the  other 
fragments  of  potassa ; in  this  way  it  gradually  loses  the  sulphurous  acid, 
water,  alcohol,  and  ether,  with  which  it  was  mixed  in  its  original  state. 
It  then  varies  much  in  colour,  becoming  green  and  blue  whilst  in  vacuo, 
but  yellow  when  exposed  to  air ; it  has  a penetrating  aromatic  odour, 
and  a cooling  bitterish  taste ; it  is  soluble  in  alcohol  and  ether,  but  not 
in  water;  its  specific  gravity  is  1.133. 

On  referring,  however,  to  the  analysis  of  this  oil,  as  given  by  Serul- 
las, Liebig,  and  Dumas,  it  evidently  differs  in  composition  from  that 
examined  by  Hennell ; Dumas,  indeed,  states  that  it  was  not  obtained 
twice  alike,  but  he  presumes  that  it  contains  the  true  sulphate  of  hydro- 
carbon, or  sulphatic  ether *,  which,  he  says,  should  contain 


Dumas. 

Sulphuric  acid  . 1 . . 40  . . 52.0  . . 51.6 

Carbon 4 . . 24  . . 31.2  . . 31.5 

Hydrogen 5 . . 5 . . 6.5  . . 6.8 

Oxygen 1 . . 8 . . 10.3  . . 10.1 


Heavy  oil  of  wine,  sulphate  of  hy-  > 
drocarbon,  or,  sulphatic  ether  I 


1 . . 77  . • 100.0  . . 100.0 


The  other  characters  of  this  oil  are  stated  to  be  as  follows  : boiled 
with  water,  it  is  gradually  converted  into  sulphovinic  acid  and  alcohol, 
and  an  oily  hydrocarbon , lighter  than  water ; when  the  boiling  is  long 
continued,  the  whole  of  the  sulphovinic  acid  is  destroyed,  and  sulphuric 
acid,  alcohol,  and  the  light  oil,  are  the  products.  Heated  with  alkaline 
solutions,  the  heavy  oil  of  wine  is  converted  into  a sulphovinate ; and  the 
light  oil,  and  probably  alcohol,  are  given  off.  Potassium  is  not  acted 
upon  by  it  without  heat,  when  sulphuret  of  potassium,  and  sulphate  of 
potassa  are  formed. 

Light  oil  of  wine , given  off  from  the  heavy  oil  in  the  above-men- 
tioned processes,  has  a specific  gravity  = 0.917  to  0.920;  it  resembles 
olive  oil.  When  shaken  with  water,  and  exposed  in  a cold  place,  it  gra- 
dually deposits  a crystallized  substance,  which,  dried  upon  blotting-paper, 
is  tasteless,  friable,  aromatic  when  heated,  specific  gravity  irr  .980,  fusible 
at  about  230°  (110  cent .),  and  volatile  at  500°  (260°  cent.) 

There  can  be  little  doubt  that  this  is  the  hydrocarbon  of  oil  of  wine, 
above  analyzed  by  Hennell,  and  which  Serullas  also  found  composed  of 
hydrogen  and  carbon  in  the  ratio  of  1 to  6. 


* Dumas  observes  that  it  should  pro- 
perly be  termed  sulphuric  ether , but  to 
avoid  the  confusion  that  would  arise  in 


consequence  of  the  application  of  that 
term  to  ether , he  modifies  it  as  above. 
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II.  Sulpiiovinic  Acid.  The  composition,  production,  and  some  of  the 
properties  of  this  acid  have  been  necessarily  included  in  my  account  of 
ether , and  from  the  preceding  statement,  founded  on  Hennell's  researches, 
it  may  be  represented  in  its  anhydrous  state,  as  a compound  of  2 atoms 
of  sulphuric  acid,  and  1 of  etherine. 

Hydrated  sulphovinic  acid  may  be  obtained  by  decomposing  sulpho- 
vinate  of  lead  or  of  baryta  by  sulphuric  acid,  or  the  former  by  sulphu- 
retted hydrogen  ; it  may  be  concentrated  by  the  usual  process  in  vacuo , 
taking  care  to  avoid  the  production  of  sulphuric  acid.  In  this  state  it  is 
a colourless,  sour  liquid,  specific  gravity  — 1.319;  it  is  decomposed  by 
a gentle  heat ; it  dissolves  in  all  proportions  in  water  and  alcohol,  but  is 
not  soluble  in  ether ; chlorine  is  apparently  without  action  upon  it,  but 
nitric  acid  soon  produces  sulphuric  acid  in  it ; boiled  with  water,  it  yields 
sulphuric  acid  and  alcohol ; all  its  salts  are  soluble,  and  most  of  them 
easily  crystallizable ; so  that  in  reference  to  hydrated  sulphovinic  acid 
(containing  1 atom  of  anhydrous  acid  = 108  + 2 atoms  of  water  = 18) 
it  would  appear  to  be  formed  by  the  action  of  4 atoms  of  protohydrated, 
or  common  liquid  sulphuric  acid,  upon  2 atoms  of  alcohol  (23  X 2 = 46) 
in  such  a way  that  2 atoms  of  anhydrous  sulphuric  acid  unite  to  the 
elements  of  the  2 atoms  of  alcohol,  whilst  the  remaining  2 atoms  of  sul- 
phuric acid  become  bi-hydrated.  Thus  we  have  4 (S'  + Cf)  + 2 (2  COLT 
+ 3 h Jr  0 ) producing  ( 2 S'  + 4 CCLT  + 6 h + 2 0)  -f  2 (S/  + 2 q).  Here 
again  hydrated  sulphovinic  acid  presents  itself  as  a sulphate  of  alcohol, 
or  as  a compound  of  2 atoms  of  sulphuric  acid,  1 of  quadrihydrocarbon, 
and  2 of  water.  These  statements  are  therefore  as  follows  : 


Sulphuric  acid  . 

2 

Carbon  . . . 

4 

Hydrogen  . . 

• •#••() 

Oxygen  . . . 

2 

80 

24 

6 

1G 


l 


1 atom  anhydrous  | 

— sulphovinic  acid  108/126 

2 atoms  water  . 18; 


Hydrated  sulphovinic  acid  . 1 . . 12G 


Sulphuric  acid  . 2 

Carbon  ...  4 

Hydrogen  . . 4 

Ho.  . . 2 
Oxygen  ...  2 

Hydrated  sulpho-1  j 
pliovinic  acid  ’ 


.80  ... 

2 

. . 80 

2 

. . 80 

94 ) 

j Etherine 

1 

• • 28  j Alcohol 

2 

. . 46 

3 Water  . 

. iG  J 

2 

. . 18 

. 126  ...  . 

1 

. . 12G  . . . 

1 

. . 126 

Sulpiiovinates.  We  are  indebted  for  the  first  accurate  analysis  of 
these  curious  salts  to  Mr  Hennell;  they  are  soluble  in  water,  and  many 
of  them  in  alcohol,  by  which  they  are  separable  from  their  corresponding 
sulphates.  When  heated,  they  are  decomposed  with  varying  phenomena, 
dependent  upon  the  temperature  to  which  they  are  submitted,  and  the 
nature  of  the  base.  At  a high  temperature,  they  burn,  and  leave  a 
carbonaceous  residue,  containing  a bisulphate,  or  a mixture  of  a sulphate 
and  sulphuric  acid.  Only  a few  of  the  sulpiiovinates  have  been  minutely 
described,  but  they  are  an  interesting  class  of  salts,  and  some  of  them 
highly  deserving  further  examination:  the  sulphovinate  of  ammonia  espe- 
cially deserves  to  be  studied. 

The  sulpiiovinates  are  generally  obtained  by  heating  a mixture  of 
equal  weights  of  alcohol  and  sulphuric  acid,  and  when  cold  diluting  and 
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saturating  it  with  carbonate  of  lime,  baryta,  or  lead,  when  soluble  sul- 
phovinates,  and  insoluble  sulphates  of  those  bases  are  formed,  and  may  be 
separated  by  filtration  and  crystallization.  From  these  salts  the  other 
sulphoyinates  may  be  obtained,  either  by  double  decomposition  by  the 
soluble  sulphates,  or  by  liberating  the  sulphovinic  acid  by  sulphuric  acid, 
and  then  saturating  with  the  required  bases. 

Sulphovinate  of  Potassa.  (P  This  salt,  which  has 

already  been  adverted  to,  forms  micaceous  crystals,  like  those  of  hydrated 
boracic  acid;  of  a greasy  feel  and  bitter  taste.  From  its  composition 
above  given,  together  with  its  water  of  crystallization,  it  appears  to 
contain, 


-y 


Potassa  . . . 

l . . 

48  . . 

29.0 

• • • • 

1 . . 

48 

Sulphuric  acid  . 
Etherine  . . . 

2 

1 . . 

80  . . 

28  . . 

48.5 1 

17.0  j 

Sulphovinic  acid 

1 . . 

108 

Water  .... 

1 . . 

9 . . 

5.5 

. 

1 . . 

9 

Crystallized  sulpho- ) 
vinate  of  potassa  j 

1 

165 

100.0 

1 

165 

Sulphovinate  of  Soda.  (S  4-  SulVL ) Yields  efflorescent  crystals 
of  a bitter  taste,  soluble  in  2 of  cold  and  1 part  of  boiling  water,  and  con- 
taining 1 atom  of  soda,  1 of  sulphovinic  acid,  and  3 of  water. 

Sulphovinate  of  Baryta.  (B  -f-  SlUv^.)  Forms  permanent  square 
tabular  crystals,  readily  soluble  in  water  and  insoluble  in  alcohol, 
containing, 

. 1 . . 77  • . 36.3 

. 1 . . 108  . . 51.0 

.3  . . 27  . . 12.7 


Baryta  . . . 

Sulphovinic  acid 
Water  . . . 


Crystallized  sulplio-) 
vinate  of  baryta,  f 


1 


212 


100.0 


When  this  salt  is  dried  in  vacuo,  or  at  a temperature  of  1 64°,  it  loses 
1 atom  of  its  component  water. 

Sulphovinate  of  Lime.  (C  + Sulv ^).  By  slow  evaporation  this 
salt  forms  quadrilateral  tables,  very  soluble  in  water  and  alcohol,  and  of  a 
slightly  sweet  taste ; and  which  by  desiccation  in  vacuo  lose  2 atoms  of 
their  constituent  water:  when  cautiously  distilled  it  yields  oil  of  wine. 
This  salt  consists  of 

Lime  ....  1 
Sulphovinic  acid  1 
Water  . . . 3 


Crystallized  sulplio- ] 
vinate  of  lime.  J 


1 


28 

. 17.2 

Sulphate  of  lime  1 
Sulphuric  acid  . 1 

. 68 
. 40 

. 41.7 

. 24.5 

108 

. 66.2  or 

Etherine  ...  1 

. 28 

. 17.3 

27 

. 16.6 

Water  ....  3 

. 27 

. 16.5 

163 

100.0 

1 

163 

100.0 

Sulphovinate  of  Lead.  (Pl  + Sulv f)  This  salt  forms  a deliques- 
cent saline  mass  (Vogel)  silky  crystals  (Dumas)  extremely  soluble  both 
in  water  and  alcohol. 

Sulphovinate  of  Copper  (Cu  -f  Sulv')  formed  by  dissolving  carbo- 
nate of  copper  in  sulphovinic  acid,  yields  large  blue  tabular  crystals,  very 
soluble  in  water,  and  soluble  in  alcohol.  It  is  not  precipitated  by 
chloride  of  barium:  when  heated  a little  above  212°,  as  when  long  boiled 
in  water,  it  passes  into  sulphate  of  copper.  This  salt  is  easily  formed  by 
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adding  sulphate  of  copper  to  sulpliovinate  ot  baryta.  It  probably  contains 
3 atoms  of  water.  (Dumas.) 

III.  Ethero-sulphuric  Acid;  Etiiionic  Acid.  (Etii+sS'.)  When 
the  vapour  of  anhydrous  sulphuric  acid  is  slowly  introduced  into  absolute 
alcohol,  kept  at  a low  temperature,  an  oleaginous  liquid  is  formed,  and  no 
gas  evolved : if  too  little  alcohol  has  been  used,  crystals  of  sulphuric  acid 
form,  which  redissolve  when  alcohol  is  added.  The  liquid,  when  mixed 
with  water,  does  not  heat,  and  on  saturating  the  solution  with  baryta, 
abundance  of  sulphate  of  baryta  is  formed,  together  with  a soluble  salt  of 
baryta,  which  must  be  evaporated  in  vacuo.  This  salt  contains  sulphuric 
acid,  but  it  is  not  sulpliovinate  of  baryta,  for  it  is  neither  soluble  in 
alcohol  nor  crystallizable ; nor  does  it  yield  oil  of  wine  when  distilled. 
It  contains  according  to  Magnus  ( Ann . de  Chim.  et  Phys .,  tii.  155.) 


Sulphuric  acid  . . . 

2 

80 

41.2 

Baryta 

1 

77 

39.6 

Carbon 

4 

24 

12.4 

Hydrogen  .... 

4 

4 

2.6 

Water  ..... 

1 

9 

4.2 

Ethionate  of  Baryta 

1 

194 

100.0 

to  Magnus  the  acid  contained  in 

this  salt  is 

constituted 

Sulphuric  acid  . . 

2 

• • 

80 

68.4 

Etherine 

1 

• • 

28 

23.9 

Water  ..... 

1 

• • 

9 

7.7 

Ethionic  acid  .... 

1 

117 

100.0 

It  is,  therefore,  a hydrated  bisulpliate  of  etherine ; whilst  sulphovinic 
acid  is  an  anhydrous  bisulphate  of  etherine ; or  it  is  an  anhydrous  bisul- 
phate of  ether.  ( 2 Sf  + 4 COLT  + 5 h + 0 .) 

By  partially  decomposing  ethionic  acid  by  heat,  Magnus  obtained  an 
isomeric  acid  which  has  been  termed  isothionic  acid:  the  salt  which  it 
forms  with  baryta,  resembles  the  ethionate  of  that  base  in  ultimate  com- 
position, but  differs  from  it  in  its  proportion. 

According  to  Dumas,  the  existence  of  these  distinct  acids,  namely, 
the  sulphovinic,  ethionic,  and  isothionic,  resulting  from  the  mutual  action 
of  sulphuric  acid  and  alcohol,  was  anticipated  by  Sertuerner,  under  the 
terms  of  protethionic , deutethionic , and  tritethionic  acids.  ( Ann  de  Chim. 
et  Phys .,  xiii.  62.) 

IV.  Phosphovinic  Acid;  Etherophosphoric  Acid.  It  was  ascer- 
tained many  years  ago  by  Boullay,  that  phosphoric  acid  might  be  sub- 
stituted for  sulphuric,  in  the  formation  of  ether,  and  Lassaigne  found  that 
an  acid  analogous  to  the  sulphovinic  was  so  formed;  the  further  investi- 
gation of  this  subject  has  been  pursued  by  Pelouze  and  by  Liebig,  {Ami. 
de  Chim.  et  Phys.,  Lii.  37,  and  Liv.  31.) 

Ether o-phosphoric  Acid  is  obtained  by  the  careful  decomposition  of 
the  etherophosphate  of  baryta  by  sulphuric  acid,  or  of  the  etherophosphate 
of  lead  by  sulphuretted  hydrogen;  it  is  concentrated,  first  by  ordinary 
evaporation,  and  then  in  vacuo.  It  is  then  of  an  oleaginous  consistence, 
colourless,  inodorous,  very  sour,  and  soluble  in  water,  alcohol,  and  ether, 
in  all  proportions.  When  much  diluted  it  is  not  decomposed  by  con- 
tinued boiling;  but  when  concentrated,  a temperature  of  212°  gradually 
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resolves  it  into  ether,  alcohol,  hydrocarbon,  and  a mixture  of  phosphoric 
acid  and  charcoal.  Its  concentrated  solution  affords  crystals:  it  coagu- 
lates albumen;  and  has  the  same  properties  whether  prepared  from  phos- 
phoric or  from  paraphosphoric  acid.  When  diluted,  it  dissolves  zinc  with 
effervescence,  and  expels  carbonic  acid  from  its  combinations,  forming 
salts  which  for  the  most  part  are  soluble.  Pelouze  regards  this  acid  as 
analogous  to  the  sulphovinic  in  its  atomic  composition,  or  as  a compound 
of  phosphoric  acid  and  alcohol;  but  from  Liebig’s  analysis  it  appears  to 
consist  of  phosphoric  acid  etherine  and  water,  and  therefore,  resembles 
the  ethionic  acid. 

The  crystallized  ethero-phosphate  of  baryta  includes  12  atoms  of  water, 
which  may  be  expelled  by  heat  and  the  anhydrous  ethero-phosphate 
remains;  although  this  salt  has  been  analyzed  by  Pelouze  and  Liebig,  the 
results  are  not  satisfactory  as  relates  to  the  composition  of  the  acid. 

Y.  Nitrous  Ether.  Hyponitrous  Ether.  The  production  of  an 
ethereal  fluid  by  the  mutual  action  of  nitric  acid  and  alcohol  is  said  to 
have  been  remarked  by  Paracelsus  and  afterwards  by  Kunckel,  but  it  was 
forgotten  till  rediscovered  by  Navier,  in  1742.  (Navier  and  Geoffroy, 
Mem.  de  T Acad,  de  Paris , 1742.)  It  was  subsequently  studied  by 
Thenard,  (Mem.  d Arcueil , i.,  75,  and  359,)  and  more  recently  by  Dumas 
and  Boullay,  (Ann.  de  Chim.  et  Phys .,  xxxvii.,  19.) 

Many  processes  have  been  published  for  the  preparation  of  this  ether, 
(see  Dumas,  Ch.  App.  anx  Arts.,  v.,  553,  and  Thomson,  Inorg.  Chem ., 
ii.,  317;)  among  them,  the  following,  suggested  by  Thenard,  is  the  least 
objectionable.  Introduce  into  a sufficiently  capacious  tubulated  retort 
equal  weights  of  alcohol  (specific  gravity  .820)  and  of  nitric  acid  of 
commerce  (specific  gravity  1.30),  and  connect  it  with  five  Wolfe’s  bottles, 
the  first  of  which  is  empty,  and  the  remaining  four  half-filled  with  a 
saturated  solution  of  salt  in  water.  Apply  a gentle  heat  to  the  retort, 
till  the  liquor  begins  to  effervesce ; then  withdraw  the  fire,  and  the 
vapour  passing  through  the  bottles,  which  should  be  kept  cold  by  a 
mixture  of  ice  and  salt,  deposits  the  ether  upon  the  saline  solution. 
In  performing  this  experiment,  the  retort  should  not  be  more  than  one- 
sixth  filled  with  the  mixture  of  acid  and  alcohol ; and  cold  water  or 
other  means  should  be  at  hand  to  cool  it,  if  required,  in  order  to  subdue 
the  violence  of  the  effervescence.  The  alcohol  should  be  first  poured  in, 
and  then  the  acid,  and  not  mixed  by  agitation.  If  the  materials  are 
warm,  the  acid  fuming,  and  the  alcohol  of  proper  strength,  the  action 
often  begins  immediately  upon  mixture,  with  a cracking  noise,  escape 
of  air-bubbles,  and  great  effervescence,  so  that,  notwithstanding  the  size 
of  the  retort,  its  contents  are  very  apt  to  pass  over  into  the  first  receiver, 
and  it  is  often  burst ; this  may  generally  be  prevented  by  applying  a wet 
cloth  to  the  retort.  The  tubes  through  which  the  vapour  is  to  pass 
should  not  be  too  small,  for,  in  consequence  of  the  suddenness  and 
abundance  of  its  extrication,  it  requires  a ready  means  of  escape  : indeed 
the  whole  process  requires  much  management  and  caution,  and  is  most 
successful  when  conducted  upon  rather  a small  scale  in  a large  retort ; 
with  from  3 to  400  grains  of  alcohol  and  acid  for  instance. 

When  the  effervescence  has  entirely  ceased,  the  residue  in  the  retort  is 
found  to  be  equal  in  bulk  to  less  than  one-third  of  the  materials  employed : 
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the  first  bottle  contains  an  acid  mixture  of  alcohol,  water,  and  nitrous 
ether;  hut  the  bulk  of  the  ethereal  product  is  found  upon  the  cold  saline 
solution  of  the  second  bottle ; a little  also  passes  into  the  third  bottle. 
The  ethereal  products  are  collected,  digested  with  powdered  lime,  and 
redistilled  into  a receiver  cooled  by  ice  : not  more  than  100  parts  of 
rectified  ether  are  usually  obtained  from  1000  of  the  mixture  of  acid 
and  alcohol. 

Besides  the  ether,  many  other  products  are  the  result  of  this  operation, 
such  as  nitrogen  and  its  oxides,  nitrous  acid,  carbonic  acid,  and  traces  of 
acetic  acid  and  acetic  ether : oxalic  acid  sometimes  is  found  in  the 
contents  of  the  retort. 

Nitrous  ether  has  the  following  properties.  It  has  a slightly-yellow 
tint,  and  a peculiar  odour,  which,  when  much  diffused,  is  not  unlike  that 
of  ripe  apples;  its  specific  gravity  0.880  at  40°.  It  is  extremely  volatile, 
boiling  under  mean  pressure,  at  a temperature  of  about  70°,  so  that  at 
summer-heat  it  is  apt,  on  removing  the  stopper  of  a bottle  containing  it, 
to  evaporate  very  rapidly,  and  even  to  enter  into  spontaneous  ebullition : 
dropped  upon  the  hand  it  instantly  disappears  and  excites  great  cold ; it 
is  very  inflammable,  burning  with  a yellowish  flame,  and  leaving  no 
perceptible  residue ; when  recent,  it  has  no  action  on  litmus,  but  in  a 
few  days  it  becomes  perceptibly  sour,  especially  in  the  presence  of  mois- 
ture and  light.  Mixed  with  water,  a part  is  dissolved,  and  another  part 
decomposed,  forming  nitric  acid,  and  giving  off  nitrous  gas  ; mixed  with 
solution  of  potassa  it  soon  forms  liyponitrite  of  potassa,  alcohol,  and 
traces  of  acetate  of  potassa.  It  is  without  action  on  ammonia. 

There  are  various  modes  of  viewing  the  composition  of  this  and 
similar  ethers  : as  concerns  ultimate  components,  they  are  as  follows  : 


Dumas  and 

Boullay. 

Carbon  . . 

. 4 

• • 

24 

32.00 

. . 32.69 

Hydrogen  . 

. 5 

• • 

5 

6.6  7 

. . 6.85 

Oxygen  . . 

. 4 

• • 

32 

. . 42.67 

41.46 

Nitrogen  . . 

. 1 

• * 

14 

18.66 

. . i9.00 

Nitrous  ether 

. 1 

75 

100.00 

100.00 

These  elements  are 

equivalent  to 

Ethule  .... 
Oxygen  .... 

1 . . 

1 . . 

29  . . 

8 . . 

38.8  \ 
10.8/ 

Ether  . . 1 

. . 37  . . 49.4 

Ilyponitrous  acid 

1 . . 

38  . . 

50.6 

» » * • 1 

. . 38  . . 50.6 

Nitrous  ether  . . 

1 

75 

100.0 

or  1 

75  100.0 

Or  they  may  be  represented  by 

Olefiant  gas  . . . 

2 . 

. 28  . 

. 37.3 

Etherine 

...  1 ..  28 

Water 

1 . 

. 9 . 

. 12.0 

Water  . 

. . . 1 . . 9 

Hyponitrous  acid  . 

1 . 

. 38  . 

. 50.7 

Hyponitrous  acid  1 . . 38 

Nitrous  ether  . . 

1 

75 

100.0 

or 

1 75 

It  is  obvious  from  the  preceding  statement,  that  this  ether  may  be 
theoretically  regarded  either  as  a hyponitrite  of  oxide  of  etlnde  (cth  + O 
-f-  fl),  or  as  a hyponitrite  of  ether  (Eth  + %),  or  as  a hydrated  hyponi- 
trite of  ctherine , [eth?l U + (f).  The  composition  of  the  other 
ethers  of  this  class  admits  of  similar  hypothetical  representation ; the 
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simplest  view  of  tlie  subject  is  that  which  regards  them  as  salts  of  the 
oxide  of  ethule , or  combinations  of  ether  with  the  acids. 

VI.  Oxalic  Ether.  This  compound  was  discovered  by  Bergman 
{°P  use.  Chim.  Phys .,  i.),  it  was  afterwards  examined  by  Thenard,  [Mem. 
d’Arcueil , ii.  11.,)  and  its  principal  properties  shown  by  Dumas  and 
Boullay  in  their  excellent  researches  on  ethers.  [Ann.  de  Chim.  et  Phys., 
xxxvii.,  and  liv.)  It  is  prepared  by  distilling  1 part  of  alcohol,  1 of 
oxalic  acid,  and  2 of  sulphuric  acid;  alcohol  and  sulphuric  ether  pass  over, 
and  then  an  oil-like  liquid  which  collects  at  the  bottom  of  the  receiver, 
and  which  is  oxalic  ether : it  must  be  separated  from  the  supernatant 
liquid,  and  poured  into  a glass  of  water ; it  often  floats  at  first,  but  as 
the  sulphuric  ether  which  it  contains,  gradually  evaporates,  it  falls  in 
drops  to  the  bottom.  On  adding  the  alcohol  in  the  receiver,  or  a fresh 
portion  of  alcohol  to  the  residuary  contents  of  the  retort,  a fresh  portion  of 
oxalic  ether  may  be  obtained,  and  this  may  even  be  repeated  a third  time: 
the  different  portions  of  oxalic  ether  thus  obtained  are  mixed,  and  purified 
by  boiling  with  powdered  litharge,  till  its  boiling-point  attains  360° 
(183°  or  184°  cent.),  when  it  becomes  stationary:  performing  this  operation 
in  a flask  with  a short  neck,  the  water,  sulphuric  ether,  and  alcohol,  pass 
off  in  vapour,  and  the  excess  of  acid  is  retained  by  the  oxide  of  lead; 
the  oxalic  ether  is  then  decanted  into  a clean  dry  retort  and  redistilled. 

Oxalic  ether,  thus  prepared,  is  of  specific  gravity  = 1.0929  at  45°: 
it  boils  at  360°,  at  mean  pressure,  yielding  a vapour  of  low  tension,  the 
density  of  which  is  5.08 : its  odour  is  aromatic,  with  a slight  taint  of  garlic 
or  phosphorus  ; it  is  soluble  in  alcohol  and  ether,  and  very  sparingly  so 
in  water.  When  dry,  it  may  be  long  preserved  without  decomposition ; 
but  when  humid,  it  is  soon  resolved  into  oxalic  acid  and  alcohol ; the 
hydrated  alkalis  immediately  effect  this  change,  becoming  oxalates,  and 
evolving  alcohol.  It  consists  of 

Dumas  and 

Boullay.  Vols.  Sp.  Gr. 

Carbon  . . 6 . 36  . 49.31  . 49.7= Carbon  vapour  . . 3 . 2.53 

Hydrogen  . 5 . 5 . 6.85  . 6.5= Hydrogen  gas  . . 5 . 0.34 

Oxygen  . . 4 . 32  . 43.84  . 43.8  = Oxygen  gas  ...  2 . 2.22 

Oxalic  ether  1 73  100.00  100*0= Vapour  of  oxalic  ether  1 5.09 


Or,  it  may  be  represented  as 

Ether  ...  1 . 37  . 50.69-  |^^ne  ‘ * 

Oxalic  acid  . 1 . 36  . 49.31  Oxalic  acid  . . 

Oxalic  ether  1 73  100.00  Oxalic  ether  . 


1 . 28  . 38.36 
1.9.  12.32 

1 . 36  . 49.31 


1 73  100.00 


Hence  we  have  ( e,CCLT-\-  sA  +4  0)  = (Eth4-0cT’/)  = oxalic  ether. 
The  conversion  of  this  ether  into  alcohol  and  oxalic  acid  by  the  action  of 
hydrated  potassa  or  soda,  depends  upon  the  combination  of  the  ether 
with  an  atom  of  water,  at  the  moment  of  its  evolution ; or  assuming 
oxalic  ether  to  be  a hydrated  oxalate  of  etherine,  it  is  equally  obvious  that 
an  additional  atom  of  water  would  convert  the  etherine  into  alcohol. 

When  a current  of  dry  ammoniacal  gas  is  passed  into  anhydrous 
oxalic  ether,  heat  is  evolved,  and  a solid  compound  is  at  length  formed, 
which,  dissolved  in  boiling  alcohol  and  filtered,  yields  silky  crystals  on 
cooling.  The  same  compound  may  be  obtained,  according  to  Liebig,  [Ann. 
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dc  Chim.  et  Phys .,  liv.  225,  and  lv.  125,)  by  mixing  oxalic  ether  with 
an  alcoholic  solution  of  ammonia ; the  mixture  yields  crystals,  on  spon- 
taneous evaporation.  To  the  substance  thus  obtained,  Dumas  has 
applied  the  name  oxamethane.  It  is  colourless,  fusible,  volatile,  soluble 
in  alcohol ; soluble  in  cold  water,  but  converted  by  boiling  into  acid 
oxalate  of  ammonia.  Liquid  ammonia  immediately  converts  it  into 
oxamide.  This  substance  consists,  according  to  Dumas,  of  1 atom  ot 
oxalic  ether,  and  1 atom  of  ammonia ; so  that  its  ultimate  elements  arc 


Carbon 

. . G 

. . 361 

Hydrogen 

. . 5 

. . 5 / = Oxalic  ether 

Oxygen  . 

. . 4 

. . 32) 

Nitrogen  . 

. . 1 

1 = Ammonia  . 

Hydrogen 

. . 3 

3 ) 

73] 

17- 


= 0 same  thane 


90 


These  elements  are  equivalent  to 


Carbon  . 

2 

12] 

Hydrogen  . . 

Oxygen  . 

. 2 

. 2 

2 

19 

> = Oxamide  . 

Nitrogen 

. 1 

Id] 

Carbon  . 

. 4 

24 

Hydrogen  . . 

. 6 

G 

> = Alcohol  . 

Oxygen  . . . 

. 2 

1G 

f 

Hence  it  is  that  when  aqueous  ammonia  and  oxalic  ether  are  mixed  and 
agitated  together,  a white  precipitate  falls,  consisting  of  pure  oxamide. 

VII.  Oxalovinic  Acid.  When  a solution  of  oxalic  ether  in  anhy- 
drous alcohol  is  mixed  with  a similar  solution  of  potassa,  in  such  propor- 
tion as  to  saturate  half  the  acid  contained  in  the  ether,  crystals  are  soon 
deposited,  which  are  almost  insoluble  in  absolute  alcohol,  and  which  con- 
sist of  oxalovinate  of  potassa.  This  salt  is  soluble  in  water,  and  is  not 
alfected  by  a temperature  of  212°;  it  is  anhydrous,  and  consists  of 
1 atom  of  oxalate  of  potassa,  and  1 atom  of  oxalic  ether.  It  may  be 
decomposed  by  dissolving  it  in  weak  alcohol,  filtering  the  solution  to 
separate  a little  oxalate  of  potassa  which  falls,  and  then  carefully  adding 
sulphuric  acid,  by  which  sulphate  of  potassa  is  formed  and  precipitated, 
and  oxalovinic  acid  set  free.  It  decomposes  the  carbonates  of  lime  and 
of  baryta,  and  forms  soluble  oxalovinates ; the  pure  acid  may  easily  be 
obtained  from  the  oxalovinate  of  baryta.  Many  bases,  among  which  is  the 
oxide  of  copper,  decompose  this  acid,  and  produce  oxalates.  When  its 
aqueous  solution  is  evaporated,  even  with  the  utmost  caution,  oxalic  acid 
remains,  and  the  oxalovinic  acid  disappears.  The  oxalovinic  acid 
appears  to  consist  of  2 atoms  of  oxalic  acid,  and  1 atom  of  etherine. 

VIII.  Formic  Ether.  Distil  7 parts  of  dry  and  pulverized  formiate 
of  soda,  with  10  of  sulphuric  acid,  and  6 of  anhydrous  alcohol  ; agitate 
the  product,  first  with  a little  magnesia  to  separate  acid,  and  then  with 
water,  to  abstract  alcohol ; lastly,  deprive  it  of  water  and  of  residuary 
traces  of  alcohol  by  the  action  of  chloride  of  calcium.  (Dobereiner, 
Ann.  de  Chim.  et  Pliys.,  lii.,  105.)  Formic  ether  is  colourless,  and  has 
somewhat  of  an  hydrocyanic  odour.  Its  specific  gravity  is  r=  0.915  at 
65°.  It  boils  at  132°.  It  requires  9 parts  of  water  at  65°  for  solution, 
and  when  long  boiled  with  water,  especially  if  potassa  be  present,  it  is 
resolved  into  alcohol  and  formic  acid.  This  ether  has  not  been  satisfac- 
torily analyzed. 
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IX.  Ciilorocarbonic  Ether.  When  absolute  alcohol  is  admitted  into 
a balloon  containing  ciilorocarbonic  acid  gas,  it  becomes  warm  and  yel- 
lowish ; when  the  action  has  terminated,  air  is  admitted,  and  soon  after, 
the  liquid  may  be  poured  out  and  mixed  with  about  its  volume  of  dis- 
tilled water ; two  layers  are  presently  formed,  the  one  of  an  oil-like 
liquid,  the  other  lighter,  and  containing  free  muriatic  acid.  The  oily 
liquor,  abstracted  by  a pipette,  and  rectified  over  chloride  of  calcium  and 
litharge,  in  a water-bath,  has  the  following  properties.  It  is  a colourless 
liquid,  without  action  on  litmus  ; its  odour  is  peculiar  and  irritating  ; 
it  boils  at  about  200°;  its  specific  gravity  = 1.133  at  60°.  It  con- 
sists of 


Carbon 

6 

• • 

3G 

• • 

33.0 

Hydrogen  . . . 

5 

• • 

5 

• • 

4.6 

Oxygen 

4 

• • 

32 

• • 

29.4 

Chlorine 

1 

• * 

36 

• • 

33.0 

Chlorocarbonic  ether  . 

1 

• • 

109 

100.0 

Dumas,  from  whom  I have  made  the  preceding  abstract  ( Chim . App. 
mix  Arts , v.,  570;  Ann.  de  Chim.  et  Phys .,  liv.,  225,)  considers  this 
ether  as  including  a new  acid.  When  it  is  mixed  with  liquid  ammonia, 
violent  action  ensues,  muriate  of  ammonia  is  formed,  and  a new  product, 
called  by  Dumas,  urethane , is  formed  ; it  is  obtained  by  evaporating  the 
mixture  in  vacuo  to  dryness,  and  distilling  it  in  a dry  retort  heated  by  an 
oil-bath ; a colourless  liquid,  passes  over,  which  concretes  into  a white 
crystalline  matter,  like  spermaceti,  and  sal-ammoniac  remains  in  the 
retort. 

Urethan  is  white,  fusible,  and  volatile  when  dry,  without  decompo- 
sition ; but,  when  moist,  ammonia  is  plentifully  evolved ; it  is  readily 
soluble  in  water  and  in  alcohol,  and  the  solution  is  neutral.  It  consists  of 


Carbon  . . 
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• • 

Dumas. 
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Hydrogen  . 

....  7 
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Oxygen 
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32 

• • 

36.0 
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89 
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These  elements  are  equivalent  to  2 atoms  of  carbonic  acid  2 ( CCLV  + 2 O) 
1 atom  of  ammonia  (71  + 3 A)  and  1 of  etherine  ( 4 CCLV  + 4 A).  There 
are  various  other  views  which  may  be  taken  of  it,  and  among  them,  it 
may  be  regarded  as  consisting  of  1 atom  of  carbonic  ether , or  hydrated 
carbonate  of  etherine  “ ( 4 CCLV  + 4 A ) 4-  ( CCLV  -f  2 0 + ^)  and  1 atom 
of  urea  =r  (CCLV  + 2 A + O + 7Z).  This  formula  has  led  Dumas  to  the 
term  urethan. 

X.  Acetic  Ether.  (Etii  A-CLC^.)  This  ether  was  discovered  as  far 
back  as  1759  by  the  Count  de  Lauraguais.  It  may  be  prepared  by  dis- 
tilling a mixture  of  63  parts  of  concentrated  acetic  acid,  and  17  of  sul- 
phuric acid,  with  100  of  alcohol ; the  receiver  should  be  carefully  cooled  ; 
125  parts  may  be  distilled  over.  Another  process  consists  in  distilling  3 
parts  of  acetate  of  potassa,  3 of  absolute  alcohol,  and  2 of  sulphuric 
acid,  to  dryness.  The  product  is  mixed  with  a fifth  part  of  sulphuric 
acid,  and  by  careful  distillation,  acetic  ether  equal  in  volume  to  the 
alcohol  may  be  obtained.  The  acetic  ether,  as  it  is  called,  of  these 
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operations,  contains  free  acid,  and  alcohol ; the  former  may  he  abstracted 
by  lime  or  chalk,  and  the  latter  by  chloride  of  calcium. 

Acetic  ether  boils  at  105°  ; it  is  lighter  than  water,  and  has  a pecu- 
liarly agreeable  odour  ; it  burns  with  a yellowish  flame,  and  acetic  acid  is 
developed  by  its  combustion.  Water  dissolves  about  one-seventh  of  its 
weight  of  this  ether,  and  the  solution  is  decomposed  by  potassa,  giving 
rise  to  an  acetate  and  to  alcohol.  Ammonia  has  no  action  upon  it. 
Acetic  ether  is  composed  of 
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The  density  of  the  vapour  of  acetic  ether  is  3.06,  which  corresponds  with 


Vols. 


Carbon  vapour 2 

Hydrogen  gas 4 

Oxygen  gas I 


Sp.  Gr. 

1.66 

0,24 

1.11 


Vapour  of  acetic  ether 1 . . 3.01 


According  to  Pelouze,  when  carbonic  acid  is  passed  through  an  alco- 
holic solution  of  acetate  of  potassa,  acetic  ether  and  bicarbonate  of 
potassa  are  formed ; this  is  a curious  instance  of  etherification  at  com- 
mon temperatures ; the  insolubility  of  the  bicarbonate  in  alcohol  is  pro- 
bably concerned  in  the  action. 

Acetal.  When  alcohol  contained  in  a saucer  is  covered  by  an  open 
jar,  and  some  moistened  spongy  platinum  placed  in  watch-glasses  just 
above  its  surface,  acid  vapour  is  formed,  which  is  absorbed  by,  or  falls 
into,  the  alcohol,  and  gradually  renders  it  very  sour ; if  it  be  then  dis- 
tilled off  powdered  chalk,  and  rectified  over  chloride  of  calcium,  acetal 
(or  oxidized  ether  of  Dobereiner)  is  obtained.  It  is  a colourless  fluid, 
the  odour  of  which  resembles  that  of  nitrous  ether.  Its  specific  gravity 
is  0.842.  It  boils  at  167°.  It  dissolves  in  alcohol  and  ether,  and  in 
about  6 parts  of  water.  It  burns  with  a bright  flame.  By  potassa,  and 
by  sulphuric  acid,  it  is  converted  into  a yellow  resin.  By  the  action  of 
spongy  platinum  it  forms  acetic  acid.  (Liebig.  Pogg.  Ann.,  xxvii.,  605.) 
It  appears  to  consist  of 


Carbon  . . 
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48  . . 
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XI.  Benzoic  Ether.  (Etii  + be7ll.)  Was  discovered  by  Scheele  ; it 
may  be  obtained  by  subjecting  a mixture  of  4 parts  of  alcohol,  2 of  ben- 
zoic acid,  and  1 of  muriatic  acid  to  distillation ; when  about  half  has 
passed  over,  it  is  returned  into  the  retort,  and  the  distillation  is  repeated 
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in  the  same  way  two  or  three  times.  The  ether  is  chiefly  contained  in 
the  residue ; it  is  washed  with  water,  and  then  carefully  distilled  off 
finely  powdered  protoxide  of  lead.  (Thenard.  Mem.  d’ArcueiU  ii.,  0.) 
Its  specific  gravity  is  1.0539  at  50°;  its  boiling-point  408°  — 209°  cent. ; 
its  tension  very  feeble. 

A curious  case  of  the  production  of  this  ether  has  been  noticed  by 
Wohler  and  Liebig  (Ann.  de  Chim.  et  Phys .,  li.,  299.)  When  chloride 
of  benzule  and  alcohol  are  mixed,  the  temperature  of  the  mixture  rises 
so  as  to  produce  ebullition,  muriatic  acid  is  evolved,  and  on  adding  water 
to  the  residue,  an  oil-like  substance  separates,  which  is  benzoic  ether. 

Benzoic  ether  consists  of 
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These  elements  are  equivalent  to  1 atom  of  ether  + 1 atom  of  benzoic 
acid. 

XII.  Succinic  Ether.  (Etii  -\-SUC1.)  Dumas,  upon  the  authority  of 
F.  D’Arcet,  gives  the  following  process  for  preparing  this  ether.  Distil 
together  10  parts  of  succinic  acid,  20  of  alcohol,  and  5 of  concentrated 
muriatic  acid,  cohobating  the  distilled  product  four  or  five  times ; the 
residue  in  the  retort  will  then  consist  of  alcohol,  water,  succinic  and 
muriatic  acid,  and  succinic  ether ; when  mixed  with  water,  the  succinic 
ether  separates  like  heavy  oily  drops ; it  is  collected,  washed  with  cold 
water,  boiled  in  a flask  with  a short  neck,  till  its  boiling-point  becomes 
constant,  and  lastly,  distilled  off  dry  protoxide  of  lead. 

Succinic  ether  is  a limpid,  colourless,  oily  liquid,  of  an  aromatic  odour ; 
it  boils  at  417°  (214°  cent.);  its  specific  gravity  is  1.036.  It  is  resolved 
by  potassa  into  succinic  acid  and  alcohol.  Chlorine  decomposes  it  under 
the  influence  of  light,  and  forms  crystals  which  have  not  been  examined. 
This  ether  consists  of  1 atom  of  ether  + 1 of  succinic  acid,  or  of 
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XIII.  Tartaric  Ether.  May  be  obtained  from  5 parts  of  tartaric 
acid,  7 of  alcohol,  2 of  sulphuric  acid ; distil  the  mixture  till  a little 
sulphuric  ether  begins  to  be  formed.  If  at  this  period  we  withdraw  the 
heat,  the  liquor  assumes  a syrupy  consistence ; but  water  does  not  sepa- 
rate the  compound  of  the  vegetable  acid  and  alcohol.  By  adding,  by  de- 
grees, solution  of  potassa,  we  throw  down  bitartrate  of  potassa ; then, 
after  having  just  saturated  the  redundant  acid,  if  we  evaporate  the  liquid, 
and  treat  it  in  the  cold  with  very  pure  alcohol,  we  obtain,  by  evaporation 
of  the  alcoholic  solution,  a substance  which,  on  cooling,  becomes  like 
syrup.  This  substance  has  a brown  colour,  and  a bitter  and  nauseous 
taste.  It  is  void  of  smell  and  acidity,  and  is  soluble  in  water  and  alcohol. 
It  does  not  precipitate  muriate  of  lime,  but  copiously  the  muriate  of 
baryta.  When  heated  it  diffuses  dense  fumes,  which  have  the  odour  of 
garlic,  and  at  the  same  time  it  leaves  a residue,  not  alkaline,  containing 
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much  sulphate  of  potassa.  If  distilled  with  potassa,  it  is  resolved  into 
a very  strong*  alcohol,  and  much  tartrate  of  potassa.  It  is,  therefore,  a 
combination  analogous  to  the  preceding.  (Mem.  d’Arcueil , ii.,  13.) 

XIV.  Citric  Ether.  When  a hot  saturated  solution  of  citric  acid, 
mixed  with  alcohol,  muriatic  acid,  and  a certain  proportion  of  sulphuric 
ether,  is  kept  for  6 or  8 hours  at  a temperature  between  125°  and  135°, 
and  then  water  added,  citric  ether  separates  in  the  form  of  an  oil-like 
liquid.  Its  formation  in  this  way  is  uncertain,  and  its  properties  have 
not  been  examined.  ( Pelouze .) 


§ XXIV.  Combinations  of  Etherine  with  the  Hydracids. 


I.  Hydrochloric  Ether;  Muriatic  Ether.  Sweet  or  dulcified  spirit  of 
salt , was  a favourite  preparation  with  the  alchymists ; they  conceived  it 
to  possess  some  peculiar  solvent  powers  in  regard  to  salts  of  gold : it  was 
also  used  in  medicine  : it  was  prepared  in  various  ways ; either  by  dis- 
tilling a mixture  of  alcohol  and  muriatic  acid;  or  of  salt,  sulphuric  acid, 
and  alcohol. 

Hydrochloric  ether  may  be  obtained  by  subjecting  to  careful  distilla- 
tion, a concentrated  solution  of  muriatic-acid-gas  in  alcohol ; or  a mixture 
of  1 part  of  alcohol,  1 of  sulphuric  acid,  and  2 of  fused  and  finely-powdered 
chloride  of  sodium ; or  a mixture  of  chloride  of  antimony,  or  of  tin  and 
alcohol.  In  all  these  cases,  muriatic  ether  passes  over;  it  should  first  be 
transmitted  into  warm  water,  by  which  its  adhering  acid  and  alcohol  are 
abstracted,  and  its  vapour  may  then  be  condensed  by  conducting  it  through 
a cold  tube,  and  receiving  it  in  a bottle  surrounded  by  ice  and  salt. 

Muriatic  ether,  thus  condensed,  is  a limpid,  colourless  liquid,  of  a pecu- 
liar penetrating  odour,  and  a sweetish  flavour : it  is  neutral : its  specific 
gravity  = 0.874  at  42°:  it  has  not  been  congealed:  it  boils  at  about  60°: 
the  specific  gravity  of  its  vapour  is  2.219.  It  burns  with  a flame  tinged 
with  green,  and  exhales  the  fumes  of  muriatic  acid.  Mixed  with  4 volumes 
of  oxygen  and  detonated  by  the  electric  spark,  it  yields  2 volumes  of 
carbonic  acid  : it  is  very  slowly  altered  by  water  and  by  alkalis.  Passed 
through  a red-hot  tube,  it  is  decomposed  into  muriatic  acid,  hydro- 
carbon, charcoal,  and  hydrogen.  It  consists  of  (4  COLT  + 5 h +C)  or 

0 car  + 4 h + hd) ; b 

Dumas. 


Carbon 4 

Hydrogen  ....  5 
Chlorine  ....  1 


24  . . 36.9  . . 37.73 

5 . . 7.7  • • 7.70 
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These  elements  are  equivalent  to 

Etherine 1 . . 28 

Muriatic  acid  ...  1 . . 37 


43.1 

56.9 


Hydrochloric  ether  . 


65 


100.0 


II.  Chloral.  The  mutual  action  of  chlorine  and  alcohol  was  origi- 
nally inquired  into  by  Scheele  and  Westrumb ; it  afterwards  engaged  the 
attention  of  the  principal  chemists  who  have  expounded  the  theory  of 
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etherification,  and  lias  been  more  recently  investigated  by  Liebig  and  by 
Dumas.  (Ann.  de  Chim . et  Phys .,  xlix.,  146;  lvi.,  113.)  The  resulting 
product  was  originally  termed  heavy  muriatic  ether ; the  term  chloral 
(referring  to  chlorine  and  alcohol),  has  been  applied  to  it  by  the  last- 
mentioned  chemists.  Chloral  is  obtained  by  passing  a large  quantity  of 
chlorine,  carefully  dried,  through  anhydrous  alcohol ; the  alcohol  is  at 
first  kept  cold,  hut  when  the  first  action  is  over,  it  requires  to  be  gradually 
warmed ; during  the  whole  operation,  which  lasts  several  hours,  muriatic 
acid  gas  is  evolved,  and  must  he  allowed  to  escape.  Liebig  found  that 
several  days  were  required  to  complete  this  action  upon  a quantity  of 
alcohol,  amounting  to  about  eight  ounces.  The  product  of  this  operation 
is  mixed  with  twice  its  bulk  of  sulphuric  acid,  and  subjected  to  careful 
distillation ; a limpid  oil-like  liquid  passes  over,  which  is  to  be  heated  in 
an  open  flask  till  its  boiling-point  attains  about  200°  ; it  should  then  again 
be  distilled  off  sulphuric  acid,  and  finally  rectified  off  a small  quantity  of 
fresh  quick -lime,  the  distillation  being  performed  in  a bath  of  salt  and 
water. 

Chloral  is  a transparent  colourless  liquid,  of  a greasy  aspect;  its 
specific  gravity  at  65°  is  1.502,  its  boiling  point  z=  206°:  and  the  density 
of  its  vapour  about  =r  5.0.  It  has  an  irritating  odour,  is  almost  tasteless, 
somewhat  caustic  in  its  action  upon  the  skin,  soluble  in  water,  neutral, 
and  its  solution  is  not  affected  by  nitrate  of  silver.  If,  instead  of  dropping 
the  chloral  into  water,  and  heating  it  to  effect  the  solution,  it  be  put 
into  the  contact  of  a few  drops  of  water,  the  liquids  combine  into  a white 
crystalline  solid,  and  heat  is  evolved  ; and  when  a few  drops  of  chloral 
are  put  into  a flask  containing  humid  air,  small  groups  of  crystals  gra- 
dually form  upon  its  interior  : these  are  hydrate  of  chloral.  When  chloral 
is  poured  upon  sulphuric  acid,  and  left  to  itself,  it  forms  a white  sub- 
stance, which  Liebig  calls  insoluble  chloral.  Chloral  dissolves  iodine, 
bromine,  sulphur,  and  phosphorus.  When  its  vapour  is  passed  over 
heated  lime  or  baryta,  those  bases  become  incandescent,  carbonic  oxide 
is  evolved,  and  metallic  chlorides  mixed  with  carbon  remain.  This 
sometimes  happens  in  rectifying  chloral  over  quicklime.  The  hydrated 
alkaline  oxides  decompose  chloral ; nitric  acid  is  almost  without  action 
upon  it.  Chloral  consists  of 
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Hydrate  of  chloral  consists  of  1 atom  of  chloral  and  1 of  water. 

I must  refer  to  Dumas  (Chim.  app.  aux  Arts , v.,  608,)  for  details  of 
the  theory  of  the  various  changes  which  alcohol  undergoes  during  the 
action  of  chlorine,  and  the  formation  of  chloral.  The  term  chloric  ether 
is  sometimes  applied  to  chloral,  and  sometimes  to  the  chloride  of  hydro- 
carbon, described  at  p.  485. 

Chloroform.  Soubeiran  and  Liebig,  by  distilling  chloral  mixed  with 
lime  and  water,  or  with  solution  of  potassa,  obtained  a liquid,  which  when 
shaken  with  sulphuric  acid,  and  then  separated,  and  rectified  over  baryta,  in 


HYDRIODIO  ETUKlt.  HYDROBROMIC  ETHER. 


1107 


a perfectly-dry  retort,  yielded  a dense  limpid  fluid,  which  has  been  desig- 
nated chloroforme.  The  same  compound  is  obtained,  more  easily,  by 
distilling  a mixture  of  1 pound  of  chloride  of  lime,  3 of  water,  and  3 
ounces  of  alcohol,  in  a capacious  retort ; about  3 ounces  of  chloroforme 
pass  over. 

The  specific  gravity  of  chloroforme  is  1.480  at  65°:  its  boiling-point 
about  140°:  the  density  of  its  vapour  = 4.2.  It  is  decomposed  when 
passed  over  red-hot  iron  and  copper,  and,  when  passed  through  a red-hot 
glass  tube,  dejmsits  crystals,  apparently  of  chloride  of  carbon.  Chloro- 
forme consists  of 

Dumas. 


Carbon  . . . 

2 

« * 

12 

. . 9.9 

Hydrogen  . . . 

1 

• • 

1 

0.9 

Chlorine  . . . 

3 

• « 

108 

. . 89.2 

10.24 

0.83 

88.93 


Chloroforme  . . 1 


121  100.0 


100.00 


III.  IIydriodic  Ether.  (4  COLT  + 4 h + hi h)  This  compound 
was  discovered  by  Gay  Lussac.  (Ann.  de  Chim.  et  Phys .,  ix.,  89.)  It  is 
best  obtained  by  mixing  in  a retort,  4 parts  of  iodine,  10  of  alcohol  of 
0.833,  and  gradually  adding  2.5  of  phosphorus : when  the  greater  part 
has  distilled  over,  3 parts  more  of  alcohol  are  put  into  the  retort,  and  the 
distillation  carried  to  dryness ; the  product  is  washed  with  cold  water, 
and  the  ether  rectified  over  chloride  of  calcium. 

ITydriodic  ether  is  colourless ; it  has  a penetrating  ethereal  odour ; its 
specific  gravity  at  74°  is  1.92.  It  boils  at  148°,  and  the  density  of  its 
vapour  is  5.409.  It  is  not  inflammable,  but  when  dropped  on  red-hot 
charcoal  it  diffuses  purple  vapour.  It  is  decomposed  when  passed  through 
a red-hot  tube,  and  among  the  products  is  an  unctuous  matter  containing 
iodine.  Exposed  to  air,  hydriodic  ether  becomes  red.  It  is  sparingly 
soluble  in  water,  but  readily  so  in  alcohol.  Potassium  does  not  decom- 
pose it ; alkalis,  nitric  acid,  and  chlorine,  only  slowly  act  upon  it ; sul- 
phuric acid  rapidly  decomposes  it.  It  consists  of 


Carbon  

4 

24 

• • 

15.60 

Hydrogen 

5 

* • 

5 

• • 

3.15 

Iodine  ...... 

1 

* 

• • 

125 

• • 

81.25 

Hydriodic  ether  . . 

1 

154 

100.00 

or,  of  1 atom  of  etherine  -j-  1 hydriodic  acid. 

Iodoforme  is  a compound  analogous  to  chlorqforme , and  obtained  by  a 
similar  process;  its  formula  is  (2  CCLV  + h + si.)  (Serullas  and 
Dumas.,  Ann.  de  Chim.  et  Phys.,  lvi.,  133.) 

IV.  IIydrobromic  Ether.  (4  COLT  + 4 h -f  hb1.)  To  prepare  this 
ether,  introduce  into  a tubulated  retort  40  parts  of  alcohol,  sp.  gr.  = 
.827,  and  1 of  phosphorus,  then  add,  gradually  and  carefully,  7 to  8 parts 
of  bromine.  The  bromide  of  phosphorus  which  is  formed,  decomposes 
the  water  of  the  alcohol,  and  produces  hydrobromic  and  phosphorous 
acids  : distil  by  a gentle  heat  into  a cooled  receiver.  When  the  dis- 
tilled product  is  mixed  with  water,  hydrobromic  ether  separates  and  falls 
to  the  bottom  ; if  acid,  it  must  be  washed  with  a dilute  solution  of 
potassa. 
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Hydrobromic  ether  is  colourless,  transparent,  heavier  than  water,  of 
a strong  ethereal  odour,  and  a pungent  taste ; it  is  very  volatile,  soluble 
in  alcohol,  and  precipitated  by  water ; it  has  not  been  analyzed,  but  pro- 
bably, like  its  associates,  consists  of  1 atom  of  etherine  4-  1 hydrobromic 
acid. 

Bromide  of  lime,  distilled  with  water  and  alcohol,  yields  a product 
analogous  to  chloroform,  which  has  been  termed  bromoform.  (Dumas, 
Ann.  de  Chim.et  Phys .,  lvi.,  113.) 

Y.  Hydrocyanic  Ether.  When  equal  parts  of  cyanuret  of  potassium 
and  sulphovinate  of  baryta  are  heated  in  a retort,  a product  is  obtained, 
which,  when  washed  with  water,  agitated  with,  and  then  distilled  off 
powdered  chloride  of  calcium,  yields  hydrocyanic  ether.  (Pelouze,  Jour, 
de  Phar .,  xx.)  In  this  operation,  the  water  contained  in  the  sulphovinate 
is  decomposed,  its  oxygen  is  transferred  to  the  potassium  of  the  cyanuret, 
and  its  hydrogen  to  the  cyanogen  to  produce  hydrocyanic  acid , which, 
with  the  hydrocarbon  of  the  sulphovinate,  forms  this  ether. 

Hydrocyanic  ether  is  colourless  and  has  a strong  alliaceous  odour  ; its 
specific  gravity  is  0.70,  it  boils  at  180°.  When  pure  it  does  not  affect  a 
solution  of  nitrate  of  silver,  and  it  is  with  difficulty  decomposed  by 
solution  of  potassa.  It  dissolves  in  all  proportions  in  alcohol  and  in  ether. 


sparingly  soluble  in 

water. 

It  consists  of 

Carbon  .... 

6 

• « 

30 

• • 

65.5 

Hydrogen  .... 

5 

• » 

5 

* • 

9.1 

Nitrogen  .... 

1 

• • 

14 

• * 

25.4 

Hydrocyanic  ether  . 

1 

55 

100.0 

This  ether  is  poisonous,  but  much  less  so  than  hydrocyanic  acid. 

VI.  Sulphocyanic  Ether.  By  distilling  a mixture  of  1 part  of 
sulphocyanuret  of  potassium,  2 of  sulphuric  acid,  and  3 of  anhydrous 
alcohol,  Liebig  obtained  a compound  consisting  apparently  of  sulphuret  of 
cyanogen  and  etherine.  (Ann.  de  Chim.  et  Phys.,  xli.  202.) 

VII.  IIydrosulphuric  Ether;  Hydrosulphate  of  Hydrocarbon; 
Mercaptan;  (Zeise,  Ann.  de  Chim.  et  Phys.,  xxxv.  87-) 

When  sulphovinate  of  baryta  is  distilled  with  a concentrated  solution 
of  sulphuret  of  barium,  an  ethereal  liquid  passes  over,  whilst  the  sulpho  - 
vinate becomes  a sulphate;  this  liquid  floats  upon  the  water;  it  is  to  be 
washed  and  digested  upon  powdered  chloride  of  calcium.  It  is  then 
colourless,  combustible,  and  has  an  odour  resembling  assafoetida.  It  is 
separable  by  careful  distillation  into  two  compounds;  the  most  volatile, 
hitherto  little  examined,  has  been  termed  thiolic  ether  (from  Omo v,  sulphur ,) 
and  the  other  mercapt a ( from  mercuric  aptum ),  in  consequence  of  its 
high  attraction  for  mercury.  Dumas  regards  the  latter  as  a binhydrosul - 
phate  of  hydrocarbon.  This  compound  is  best  obtained  by  decomposing 
the  mercaptide  of  mercury  by  sulphuretted  hydrogen. 

Mercaptan  is  a colourless  liquid,  of  an  extremely  penetrating  alliaceous 
odour,  and  a peculiar  sweetish  taste ; its  specific  gravity  is  0.842  at  60°; 
its  boiling-point  about  144°.  It  does  not  congeal  at  — 8°,  nor  does  it 
redden  litmus;  it  dissolves  in  all  proportions  in  alcohol  and  ether,  and  is 
sparingly  soluble  in  water.  Its  alcoholic  and  aqueous  solutions  occasion 
copious  lemon-coloured  precipitates  in  solution  of  acetate,  but  not  of 
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nitrate  of  lead.  It  acts  powerfully  on  peroxide  of  mercury,  water  is 
generated,  and  a colourless  crystalline  compound  peculiarly  constituted, 
is  the  result:  In  the  same  way,  it  decomposes  the  perchloride  of 
mercury,  forming  the  same  product,  with  the  formation  of  muriatic  acid. 
This  crystalline  compound,  when  subjected  to  the  action  of  sulphuretted 
hydrogen,  gives  rise  to  the  reproduction  of  the  original  ether,  or  mer- 
captan, and  to  bisulphuret  of  mercury,  and  nothing  else.  It  consists, 
according  to  Zeise,  of 


Carbon 4 . . 24  . . 38.7 

Hydrogen 8 . . 8 . . 9.7 

Sulphur 2 . . 32  . . 51.8 


Mercaptan 1 82  100.0 


Now  it  is  obvious  that  these  elements  may  be  regarded  as  constituting 
a true  ether,  or  ethereal  salt,  composed  of  1 atom  of  etlierine rr  ( 4 COLT 
+ 4/0  + 2 atoms  of  sulphuretted  hydrogen  2 (S  -{-  h ) so  that  it  corre- 
sponds with  the  other  hydracid-ethers,  except  that  it  contains  2 atoms, 
instead  of  1,  of  sulphuretted  hydrogen,  or  hydrosulphuric  acid. 

Hut  Zeise  regards  mercaptan  as  the  hydruret  of  a compound  base, 
which  he  terms  mercaptum  ; this  base,  therefore,  is  presumed  to  consist 
of  (4  CCLV  -j~  5 h + 2 S.)  When  mercaptan  is  acted  on  by  potassium, 
hydrogen  is  evolved,  and  a mercapturet  or  mercaptide  of  potassium  is 
formed.  So  that  mercaptan  and  mercaptum,  hear  a relation  to  each  other 
and  to  other  bodies,  analogous  to  cyanogen  and  hydrocyanic  acid. 

§ XXV.  Acetous  Fermentation.  Vinegar.  Acetic  Acid. 

Pyroxylic  Spirit.  Lactic  Acid. 

When  any  spirituous  or  vinous  liquor,  such  as  wine,  or  beer,  in  which 
vinous  fermentation  has  ceased,  is  exposed  to  the  access  of  air,  and  to  a 
due  temperature  (above  65°)  a new  fermentation  ensues,  in  which  oxygen 
is  absorbed,  carbonic  acid  evolved,  and  the  alcohol  gradually  passes  into 
acetic  acid , which  is  composed  of 

Front.  Berzelius.  Gay  Lussac  and 

Thenard. 

Carbon  . . 4 . . 24  . . 47.08  . . 47-05  . . 48.83  . . 50.224 

Hydrogen  . 3 . . 3 . . 5.88  . . 5.88  . . 8.35  . . 5.829 

Oxygen  . . 3 . . 24  . . 47.08  . . 47-07  . . 48.82  . . 44.147 

Acetic  acid.  1 51  100.00  100.00  100.00  100.000 

It  will  be  recollected  that  alcohol  consists  of  (2  COLT  + 3 h + O.) 
When,  therefore,  1 atom  of  alcohol  has  the  whole  of  its  hydrogen 
abstracted  (by  the  action  of  the  absorbed  oxygen  from  the  air,)  the 
remaining  elements  (which  are  2 CCLT 6),  added  to  another  atom  of 
unchanged  alcohol  ( + O),  produce  acetic  acid.  If,  therefore,  we  set  out 
with  two  atoms  of  alcohol,  and  abstract  half  their  hydrogen,  we  shall 
convert  them,  with  the  addition  of  1 atom  of  oxygen,  into  1 atom  of  acetic 
acid:  now  this  abstraction  of  hydrogen  is  in  some  way  induced  by  the 
presence  of  the  oxygen  of  the  atmosphere,  so  that  the  two  atoms  of 
alcohol  become  in  fact  converted  into  1 atom  of  acetic  acid,  and  3 atoms 
of  water,  as  shown  in  the  following  diagrams. 
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Carbon. 
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2 atoms  of  alcohol  -f-  4 atoms  of  oxygen 

23  X 2 = 46 


Hydrogen. 


Hydrogen. 


Hydrogen. 


Oxygen. 


Carbon. 


Carbon. 


Hydrogen. 


Hydrogen. 


Hydrogen. 


Oxygen. 


become 


8 X 4 = 32 


Oxygen 


Oxygen. 


Oxygen. 


Oxygen. 


J 


1 atom  of  acetic  acid  + 3 atoms  of  water 
51  9 X 3 = 27 


Carbon. 

H ydrogen 

Oxygen. 

Carbon, 

Oxygen. 

Carbon. 

Hydrogen. 

Oxygen. 

Carbon. 

Hydrogen. 

Hydrogen. 

Oxygen. 

Hydrogen. 

Oxygen. 

Hydrogen. 

Oxygen. 

It  is  evident,  therefore,  that  the  evolution  of  carbonic  acid  which 
attends  acetous  fermentation,  is  not  essential  to  the  formation  of  acetic  acid, 
and  is  probably  referable  to  the  decomposition  of  a portion  of  unde- 
composed sugar,  or  other  matter  contained  in  the  liquor,  which  is  suscep- 
tible of  vinous  fermentation ; or  that  it  may  in  some  cases  arise  from  other 
changes,  or  from  the  decomposition  of  a portion  of  the  acetic  acid  itself. 
The  quantity  of  carbonic  acid  evolved  during  the  change  of  wine  into 
vinegar  is  usually  small  and  very  variable,  and  not  one  of  the  leading 
phenomena,  as  is  the  case  in  vinous  fermentation*. 

A mere  mixture  of  alcohol  and  water  will  not  undergo  acetous  fer- 
mentation, without  the  presence  of  yeast,  gluten,  or  some  analogous  sub- 
stance ; hence  the  more  perfect  wines  do  not  become  sour  even  when 
exposed  to  air,  because  they  contain  no  ferment. 

Although  in  this  mode  of  producing  acetic  acid,  alcohol  is  its  common 
source;  there  are  other  vegetable  substances  from  which  it  may  be 
obtained,  independent  of  vinous  fermentation;  as  from  certain  rnucila- 


* The  conversion  of  alcohol  into  acetic 
acid  independent  of  the  formation  of  car- 
bonic acid,  is  said  to  ensue  during  the 


action  of  the  black  precipitate,  produced 
by  alcohol  in  sulphate  of  platinum  (p. 
831 ) upon  the  vapour  of  alcohol. 
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ginous  and  amylaceous  solutions  containing  vegetable  albumen;  and  when 
once  acetic  acid  is  present,  it  hastens  acetic  fermentation,  hence  the 
necessity  of  great  cleanliness  in  regard  to  the  casks  and  vessels  used  in 
vinous  fermentation,  and  in  the  preservation  of  wine  and  beer:  sour 
yeast,  paste,  and  similar  acetified  substances  are  also  great  promoters  of 
acetifi  cation. 

Vinegar.  This  term  is  applied  to  the  dilute  acetic  acid , which  is 
chiefly  employed  for  domestic  consumption,  and  which  varies  extremely 
in  strength,  flavour,  and  composition,  according  to  the  sources  whence  it 
is  obtained.  In  wine-countries  it  is  procured  by  exposing  weak  wines  to 
the  access  of  air  at  a due  temperature,  and  its  strength,  flavour,  and 
colour,  depend  upon  the  characters  of  the  wine  employed.  In  this  country 
beer-vinegar  is  sometimes  used,  or  a wort  is  prepared  for  the  purpose, 
and,  in  these  cases,  the  product  acquires  peculiarities  dependent  upon  the 
foreign  matters  necessarily  present,  A good  extemporaneous  vinegar  may 
be  made  by  dissolving  1 part  of  sugar  in  (1  parts  of  water,  and  adding 
1 of  brandy  or  other  strong  spirituous  liquor,  and  a little  yeast;  this 
mixture  is  put  into  a sufficiently  large  cask,  with  the  bunghole  left  open, 
and  exposed  to  a temperature  of  between  70°  or  80°;  in  a month  or  six 
weeks,  the  clear  vinegar  may  be  drawn  off. 

In  all  these  cases,  the  principle  of  acetification  is  the  same,  and  con- 
sists in  the  formation  of  alcohol,  and  its  subsequent  conversion  into  acetic 
acid  by  the  abstraction  of  hydrogen,  as  above  explained.  Air  must 
always,  therefore,  have  access;  but  the  vessels  should  not  be  too  open, 
because  in  that  case  acid  is  lost  by  evaporation,  as  the  temperature  is 
necessarily  high.  Vinegar  is  apt  to  be  infested  by  flies  ( Musca  cellaris ), 
and  by  animalcules,  commonly  termed  eels  ( Vibrio  aceti ):  these  may  be 
destroyed  by  passing  it  through  a spiral  tube  immersed  in  water  heated 
to  212°,  or  by  heating  it  in  a hot-water-bath.  When  vinegar  is  exposed 
to  air,  it  gradually  becomes  turbid,  or  mothery , losing  its  acidity,  and 
depositing  a slippery  gelatinous  substance,  which,  when  collected  and 
dried,  resembles  gum,  and  is  destitute  of  nitrogen;  it  does  not,  therefore, 
resemble  animal  mucus,  to  which  it  is  sometimes  compared.  The  vinegar 
becomes  weak  and  mouldy  as  these  changes  go  on,  and  they  are  rapid  in 
proportion  to  its  weakness. 

The  vinegar  of  commerce  is  very  various  as  to  strength,  and  before 
the  present  method  of  producing  it  from  'pyroligneous  acid , which  I shall  im- 
mediately describe,  was  brought  into  practice,  it  was  generally  adulterated 
with  other  acids,  especially  the  sulphuric,  a fraud  detected  by  the  produc- 
tion of  a precipitate  insoluble  in  nitric  acid,  on  the  addition  of  acetate  of 
baryta.  Vinegar  is  also  sometimes  sharpened  by  muriatic  acid,  when  it 
gives  a precipitate,  likewise  insoluble  in  nitric  acid,  with  nitrate  of  silver. 
These  precipitates  require  to  be  tested,  in  regard  to  their  insolubility 
in  nitric  acid,  because  they  are  thus  distinguished  from  other  combinations 
of  baryta  and  of  oxide  of  silver,  produced  by  the  other  acids  or  substances 
present  in  genuine  vinegar.  Pepper,  and  other  acrid  substances,  are 
rendered  evident  by  carefully  neutralizing  the  vinegar  with  carbonate  of 
soda,  when  they  are  detected  by  their  undisguised  pungency. 

The  specific  gravity  of  vinegar  depends  more  upon  the  foreign  matters 
which  it  contains  than  upon  its  actual  strength,  so  that  its  value  cannot 
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be  judged  of  by  that  criterion:  the  density  of  the  best  vinegar  (commonly 
called  white-wine  vinegar),  is  about  1.020  to  1.025.  To  ascertain  the 
proportion  of  real  acetic  acid  which  it  contains,  it  must  be  cautiously 
neutralized  by  carbonate  of  soda  (dry  or  crystallized),  and  the  quantity 
of  that  salt  requisite  for  the  purpose  indicates  the  proportion  of  real  acetic 
acid  present,  54  parts  of  dry  carbonate  of  soda  being  equivalent  to  51  of  true 
or  anhydrous  acetic  acid.  The  equivalent  of  carbonate  of  lime , which  is 
50,  is  so  near  that  of  acetic  acid,  as  to  furnish  a ready  mode  of  ascertaining 
the  value  of  vinegar  or  other  dilute  acetic  acid;  for  this  purpose  a piece  of 
clean  white  marble  is  selected  and  accurately  weighed,  it  is  then  suspended 
by  a thread  in  a proper  quantity  of  the  vinegar  to  be  examined,  which  is 
occasionally  cautiously  stirred,  so  as  to  mix  its  parts  without  chipping  the 
marble ; when  it  is  no  longer  acted  on,  it  is  removed,  washed,  dried,  and 
weighed;  its  loss  is  equivalent  to  the  acetic  acid.  Another  mode  of 
ascertaining  the  strength  of  vinegar  consists  in  neutralizing  it  by  hydrate 
of  lime;  acetate  of  lime  is  extremely  soluble,  so  that  the  quantity  of 
acetate  of  lime  formed  and  dissolved,  is  directly  as  the  quantity  of  acid 
Pr  esent,  and  the  density  of  the  resulting  solution  of  acetate  of  lime,  is  in 
the  same  ratio.  (See  Messrs.  J.  and  P.  Taylor  on  an  Acetometer.  Quart . 
Jour .,  vi.)  A solution  of  ammonia,  of  known  strength,  blued  by  litmus, 
may  sometimes  conveniently  be  used  as  a neutralizing  acetometric  fluid. 

Distilled  Vinegar.  When  vinegar  is  subjected  to  careful  distillation, 
the  first  portion  which  comes  over  usually  contains  a little  alcohol ; this 
is  followed  by  dilute  acetic  acid,  which,  towards  the  end  of  the  process, 
especially  if  distilled  over  an  open  fire,  acquires  an  empyreumatic  odour: 
the  residue  is  brown,  very  acid,  and  has  a burned  flavour.  According, 
to  Mr.  R.  Phillips  (on  the  London  Pharmacopoeia , p.  7),  when  the  best 
English  malt-vinegar,  of  the  specific  gravity  1.0204,  is  distilled,  the  first 
eighth  part  which  passes  over  is  of  the  specific  gravity  0.99712,  so  that 
it  contains  a little  alcohol;  a fluid-ounce  of  it,  — 1.8047  cubic  inches, 
dissolves  from  4.5  to  5 grains  of  precipitated  carbonate  of  lime : the  next 
six-eighths  have  the  specific  gravity  1.0023,  and  a fluid-ounce  dissolves 
8.12  grains  of  the  carbonate;  a fluid-ounce  of  the  acid  of  specific  gravity 
1.007  dissolves  15  to  16  grains  of  precipitated  carbonate  of  lime,  or  13.8 
grains  of  marble. 

Distilled  vinegar  is  colourless,  and  wants  the  agreeable  fresh  flavour 
and  odour  of  the  original  vinegar,  compared  with  which  it  is  flat:  this 
arises  partly  from  a trace  of  alcohol  and  of  acetic  ether  which  it  contains, 
and  also  from  a peculiar  organic  matter  which  passes  over  in  distillation, 
and  which  distilled  vinegar  sometimes  deposits  in  the  form  of  a gray 
sediment;  its  nature  is  unknown:  when  the  acid  containing  it  is  neutra- 
lized by  an  alkali  and  slowly  evaporated,  it  communicates  a brown  tinge, 
in  consequence  of  the  action  of  the  air  upon  it.  If  vinegar  has  been 
distilled  from  a copper  still,  through  a pewter  worm,  it  is  always  more  or 
less  contaminated  by  copper,  lead,  or  tin,  and  consequently  becomes  dis- 
coloured, when  tested  by  sulphuretted  hydrogen,  especially  after  it  has 
been  reduced  in  bulk  by  evaporation.  Earthenware,  or  even  silver 
condensing-tubes,  are  therefore  used  by  the  wholesale  vinegar-distillers; 
or  upon  the  small  scale,  glass  vessels  may  be  employed ; but  the  use  of 
distilled  vinegar  is  now  almost  entirely  superseded  by  that  of  a mixture  of 
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pure  acetic  acid  and  water,  and  this  mixture,  coloured  by  burned  sugar, 
is  pretty  generally  employed  as  a substitute  for  vinegar. 

When  vinegar  is  subjected  to  a low  temperature  its  aqueous  part  is 
that  which  first  congeals,  and  the  remaining  unfrozen  portion  is 
the  strongest ; in  this  way  vinegar  may,  to  a certain  extent,  be  con- 
centrated. 

Pyroligneous  Acid.  The  production  of  vinegar  by  the  destructive 
distillation  of  wood,  has  already  been  mentioned  as  one  of  the  numerous 
discoveries  of  Glauber  *,  (p.  26.)  It  is  now  conducted  upon  a large  scale, 
for  the  express  purpose  of  obtaining  that  acid.  For  this  purpose  the 
following  apparatus  is  used.  A series  of  cast-iron  cylinders,  about  4 feet 
diameter,  and  6 feet  long,  are  built  horizontally  in  brick-work,  so  that 
the  flame  of  one  furnace  may  play  round  about  two  cylinders,  both  ends  of 
which  project  a little  from  the  brick-work.  One  of  them  has  a disc  of  cast 
iron  well  fitted  and  firmly  bolted  to  it,  from  the  centre  of  which  disc  an  iron 
tube  about  6 inches  diameter  proceeds,  and  enters  at  a right  angle  the 
main  tube  of  refrigeration.  The  diameter  of  this  tube  may  be  from  9 to 
14  inches,  according  to  the  number  of  cylinders.  The  other  end  of  the 
cylinder  is  called  the  mouth  of  the  retort.  This  is  closed  by  a disc  of 
iron,  smeared  round  its  edge  with  clay-lute,  and  secured  in  its  place  by 
wedges.  The  charge  of  wood  for  such  a cylinder  is  about  8 cwt.  The 
hard  woods,  oak,  ash,  birch,  and  beech,  are  alone  used.  Fir  does  not 
answer  t.  The  heat  is  kept  up  during  the  day-time,  and  the  furnace  is 
allowed  to  cool  during  the  night.  Next  morning  the  mouth  is  opened,  the 
charcoal  removed,  and  a new  charge  of  wood  is  introduced.  The  average 
produce  of  crude  vinegar,  called  pyroligneous  acid , is  35  gallons.  It  is 
much  contaminated  with  tar;  is  of  a deep-brown  colour;  and  has  a specific 

* Berzelius  justly  observes  that  this  acid  was  probably  known  at  a much  more 
remote  period,  and  used  by  the  Egyptians  in  the  process  of  mummification;  he 
quotes  the  following  passage  from  Pliny  in  favour  of  this  opinion.  (Hist.  Nat .,  lib. 
xvi.,  p.  2.)  “ Pix  liquida  in  Europa  e tecla  (Pinus  silvestris)  coquitur,  navalibus 

muniendis,  multosque  alios  ad  usus.  Lignum  ejus  concisum,  furnis,  undique  igne 
extra  circumdato,  fervet;  primus  sudor,  aquae  modo,  fluit  canali;  hoc,  in  Syria, 
cedrum  vocatur,  cui  tanta  est  vis,  ut  in  /Egypto,  corpora  hominum  detune  to  rum, 
eo  perfusa,  serventur.”  See,  in  reference  to  this  subject,  what  I have  above  said 
respecting  Kreosote.  (p.  985.) 

-j*  In  reference  to  this  subject,  it  appears  from  Stoltze’s  experiments,  that  the 
wood  of  all  trees,  when  thoroughly  freed  from  resin  and  all  soluble  matters,  yield 
the  same  quantity  of  fluid  product  when  similarly  distilled,  but  that  the  proportion 
of  acetic  acid  in  it  is  very  variable.  The  following  table  illustrates  this : 


1 ounce  of 

Acid 

Liquor. 

which  saturates 

Empyreumatic 

'Oil. 

100  parts  of  dry  wood  yield 

grains  of 
Carbonate  of 

< harcoal. 

Potassa. 

Birch,  ( Betula  alba)  .... 

45 

. . 55 

8.60  . . 

24.4 

Beech,  (Fagus  sylvatica ) 

44 

. . 54  . 

. 9.55  . . 

24.6 

Oak,  (Quercus  robur)  .... 

43 

. . 50  . 

. 9.06  . . 

26.2 

Ash,  (Fraxinus  excelsior)  . . 

46.8 

. . 44  . 

8.80  . . 

22.1 

White  poplar,  (Populus  alba)  . 

45.8 

. . 39  . 

. 8.05  . . 

23.4 

Wild  plum,  (Prunus  padus) 

43.7 

. . 37  . 

. 10.35  . . 

21.0 

Juniper,  (Juniperus  communis) 

45.8 

. . 29  . 

. 10.73  . . 

22.7 

Spruce  fir,  ( Pinus  abies) 

41.2 

. . 29  . 

. 13.70  . . 

21.2 

Scotch  fir,  ( Pinus  sylvestris)  . 

42.4 

. . 28  . 

. 11.80  . . 

21.5 
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gravity  of  1.025.  Its  total  weight  is  therefore  about  300  lbs.  But  the 
residuary  charcoal  is  found  to  weigh  no  more  than  one-fifth  of  the  wood 
employed.  The  crude  pyroligneous  acid  is  rectified  by  a second  distillation 
in  a copper  still,  in  the  body  of  which  about  20  gallons  of  viscid  tarry 
matter  are  left  from  every  100.  It  has  now  become  a transparent  brown 
vinegar,  having  a considerable  empyreumatic  smell,  and  a specific  gravity 
of  1.013.  Its  acid  powers  are  superior  to  those  of  the  best  household 
vinegar,  in  the  proportion  of  3 to  2.  (Ure’s  Dictionary , Art.  Acid,  acetic .) 

The  purification  of  this  crude  acid  is  generally  effected  as  follows ; it 
is  saturated  with  slaked  lime,  previously  made  into  a thin  cream  with 
water ; in  this  way  much  of  the  empyreumatic  extractive  is  precipitated 
in  insoluble  combination  with  the  lime ; the  clear  solution,  containing 
acetate  of  lime,  is  then  drawn  off  and  mixed  with  a concentrated  solution 
of  sulphate  of  soda,  till  no  further  precipitation  of  sulphate  of  lime  en- 
sues ; when  this  has  fallen,  the  supernatant  liquor  is  let  off,  the  residuary 
sulphate  washed,  and  the  whole  of  the  solution  evaporated ; during  this 
process,  empyreumatic  resin  separates  upon  the  surface,  and  is  skimmed 
off,  and  when  the  solution  has  acquired  a due  density,  it  is  set  aside  to 
crystallize,  and  the  mother-liquor  is  poured  off'  and  treated  as  before. 
At  last,  a brown  uncrystallizable  liquid  remains,  which  contains,  besides 
acetate  of  soda,  an  empyreumatic  extractive,  and  resin  combined  with 
soda,  and  which  may  be  decomposed  by  evaporation  to  dryness,  and  cal- 
cination, so  as  to  leave  the  soda.  The  crystallized  salt,  which  is  impure 
acetate  of  soda,  after  having  been  purified  by  solution  and  re-crystalliza- 
tion, is  fused  in  an  iron  pot,  stirred  till  it  dries,  and  the  heat  is  then  care- 
fully raised  to  incipient  carbonization,  by  which  the  empyreumatic  mat- 
ters which  rendered  it  impure  are  carbonized,  whilst  the  salt  itself,  if  the 
operation  be  skilfully  conducted,  is  little  damaged ; the  mass  is  then  dis- 
solved in  water,  filtered,  and  re-crystallized,  and  yields  pure  acetate  of 
.socla.  This  salt  is  then  distilled  with  0.36  of  its  weight  of  sulphuric 
acid,  either  in  glass,  or  in  metallic  stills  with  silver  condensers.  The  pro- 
duct is  a strong  acid,  of  the  specific  gravity  1.05  ; it  still  has  an  empy- 
reumatic flavour,  which  is  removed  by  well-burned  animal  charcoal ; it  is 
then  duly  diluted  with  water,  and  applicable  to  all  the  purposes  for  which 
common  vinegar  is  employed ; when  intended  for  the  table,  it  is  coloured 
by  burned  sugar,  and  flavoured  by  a few  drops  of  acetic  ether.  For 
pickles  and  sauces  of  all  kinds,  it  is  generally  used  in  a somewhat  stronger 
state  than  common  vinegar.  It  is  used  as  a substitute  for  vinegar  in  all 
the  processes  of  the  arts,  being  more  or  less  purified  in  these  cases, 
according  to  the  purposes  for  which  it  is  required. 

Acetic  Acid.  Pure  acetic  acid,  or  as  it  was  formerly  called,  radical 
vinegar , is  obtained  by  decomposing  acetate  of  soda ; this  salt  is  first 
purified  by  two  or  three  solutions  and  crystallizations,  and  then  carefully 
desiccated,  by  heating  and  stirring  it,  without  fusion,  in  an  iron  basin ; it 
is  then  pulverized,  and  put  into  a capacious  tubulated  retort,  with  two 
equivalents  of  pure  sulphuric  acid,  at  a temperature  of  about  125° ; 
acetic  acid  is  liberated,  but  when  about  an  eighth  part  has  passed  over, 
the  retort  must  be  carefully  heated ; the  distillation  may  be  continued 
till  the  saline  matter  in  the  retort,  which  is  bisulphate  of  potassa,  is  in 
quiet  fusion.  The  products  of  this  first  distillation  must  be  rectified  over 
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a little  dried  acetate  of  soda,  then  placed  in  ice  till  it  congeals ; the  con- 
gealed acid  is  suffered  to  drain  hy  inverting  the  bottle  which  contains  it, 
and  in  that  frozen  state  it  may  he  regarded  as  pure  hydrated  acetic  acid  ; 
it  retains  its  solid  form  till  the  thermometer  rises  to  about  50°  ; if  cooled 
down  to  45°,  and  then  shaken,  or  a particle  of  solid  matter  dropped  into  it, 
it  conceals,  and  at  the  same  time  an  immersed  thermometer  rises  to  51°. 

o ' 

Its  crystals  are  generally  flat  plates  of  a pearly  lustre  ; it  has  a strong 
irritating  odour,  agreeable  when  much  diluted,  and  is  powerfully  acid  and 
caustic,  reddening  the  skin,  and  raising  a blister.  It  absorbs  moisture 
from  the  air,  and  dissolves  in  all  proportions  in  water  and  in  alcohol. 
The  specific  gravity  of  this  acid  (the  liquefied  crystallized  acid)  is 
1.06296  at  60°,  (Thomson,)  hut  its  density  is  no  criterion  of  its  strength, 
as  shown  in  the  following  table,  drawn  up  by  Dr.  Thomson,  according  to 
whom  the  crystalline  or  glacial  acid  consists  of  1 atom  of  anhydrous  acid 
+ 1 atom  of  water. 


Atoms  of 

Atoms  of 

Sp.  Gr. 

Atoms  of 

Atoms  of 

Sp.  Gr. 

Acid. 

Water. 

at  GO'5. 

Acid. 

Water. 

at  60°. 

1 

1 . . 

1.06290 

1 

+ 

6 . . 

1.06708 

1 

+ 

2 . . 

1.07060 

1 

+ 

7 . . 

1.06349 

1 

+ 

3 . . 

1.07084 

1 

+ 

8 . . 

1.05974 

l 

+ 

4 . . 

1.07132 

1 

+ 

9 . . 

1.05794 

1 

+ 

5 . . 

1.06820 

1 

+ 

10  . . 

1.05439 

The  liquid  acid,  therefore,  is  at  its  greatest  density  when  it  consists  of 
1 atom  of  anhydrous  acid,  and  4 atoms  of  water,  or  of  about  100  of  real 
acid  and  72  of  water.  It  appears,  also,  that  the  density  of  the  acid  con- 
taining only  1 atom  of  water,  is  nearly  the  same  with  that  containing  7 
atoms. 

Acetic  acid  has  not  been  obtained  in  an  uncombined  anhydrous  state. 
When  heated,  it  distils  over  without  change.  It  is  only  partially  decom- 
posed by  a red-lieat ; but  if  passed  over  red-hot  charcoal,  it  yields  carbonic 
acid,  water,  carbonic  oxide,  and  carburetted  hydrogen. 

Cold  acetic  acid  is  uninflammable,  but  when  heated,  its  vapour  burns 
with  a blue  flame ; the  oxyacids  are  almost  without  action  upon  it. 
Chlorine,  under  ordinary  circumstances,  little  affects  it,  but  exposed  to  it 
under  the  direct  solar  rays,  muriatic  and  chlorocarbonic  acids  are  formed, 
and  a crystalline  substance,  which  Dumas  considers  as  hydrated  chloral. 

Acetic  acid  is  displaced  from  its  combinations  hy  most  other  acids. 
It  forms  a well-defined  class  of  salts,  acetates , all  of  which  are  soluble  in 
wTater,  and  in  which  the  oxygen  in  the  acid  is  to  that  in  the  base  as  3 to  1 . 
Some  of  the  peroxides  convert  part  of  this  acid  into  carbonic  acid  and 
water,  by  which  they  are  reduced  to  a soluble  state,  and  form  protacetates. 
It  is  a solvent  of  many  organic  products,  among  which  are  camphor, 
resins,  and  albumen. 

The  composition  and  equivalent  of  the  anhydrous  acetic  acid  have 
been  above  given  ; the  crystalline,  or  hydrated  acid  ( CLC1  4-  (J  ) consists 
of 


Anhydrous  acetic  acid  . 1 

51 

85 

M ollerat. 

87.125 

W ater 1 

9 

15 

12.875 

Crystallized  acetic  acid  . 1 

60 

100 

100.000 

It  will  he  seen  hy  referring 

to  the  atomic  constitution  of  the 

anhydrous 
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acetic  acid , that  it  is  represented  by  ( 4 COLT  + 3 (f  ),  or  ( 4 CCLT  + 3 h + 3 0), 
and  that  the  hydrated  or  crystalline  acid,  represented  by  the  formula 
( 4 car  -5-4  q)  or  ( 4 car  + 4 h + .4  o),  may  be  regarded  as  including 
equal  volumes  of  hydrogen  and  carbonic  oxide. 

The  production  of  acetic  acid  by  the  slow  combustion  of  alcohol  has 
been  above  alluded  to ; Mitscherlich  compares  its  formation  by  the  ex- 
posure of  alcohol,  water,  and  a ferment,  to  air,  to  that  process,  and  alludes 
to  the  mode  of  forming  it  sometimes  practised,  which  consists  in  suffer  - 
ing a mixture  of  1 part  of  alcohol  and  8 or  9 of  water,  with  a little 
yeast,  to  trickle  through  beech  shavings  previously  soaked  in  vinegar, 
and  lying  loosely  in  a cask  perforated  full  of  holes  ; he  says  that  the  air 
loses  so  much  oxygen,  that  if  collected  as  it  issues  from  the  upper  holes, 
it  extinguishes  flame,  and  that  the  temperature  of  the  liquid  rises  to  85°, 
when  that  of  the  atmosphere  is  only  60° ; that  by  the  first  operation,  half 
the  alcohol  is  acetified,  and  that  the  acetification  is  complete  by  a repeti- 
tion of  the  process,  provided  it  be  slowly  conducted;  and  that  vinegar 
may  be  made  in  this  way  in  a few  hours. 

Characters  of  the  Acetates.  It  has  already  been  stated  that  these 
salts  are  soluble  in  water ; there  are,  perhaps,  two  exceptions,  in  those  of 
molybdenum  and  of  tungsten,  and  the  acetate  of  silver  and  of  protoxide 
of  mercury  are  difficultly  soluble.  The  acetates  are  decomposed  by  heat, 
and  yield  variable  products ; those  of  the  alkaline  bases  yield  carbo- 
nates, carbonic  acid,  oxide  of  carbon,  a little  carburetted  hydrogen, 
a small  quantity  of  water  and  of  oil,  and  pyroacetic  spirit , or  acetone. 
Some  of  the  acetates  yield  acetic  acid  scarcely  altered ; and  some 
a mixture  of  acid  and  spirit,  leaving  charcoal,  and  the  metal  or  its  oxide. 
The  fusible  acetates  concrete,  on  cooling,  into  foliated  masses.  When  ace- 
tates are  in  dilute  aqueous  solution,  they  often  suffer  spontaneous  decom- 
position; some  of  them  become  carbonates,  and  a green  mould  forms  upon 
their  surface.  These  salts  are  recognised  by  the  evolution  of  acetic  acid 
when  acted  on  by  sulphuric  acid ; and  many  of  them  yield  a precipitate  of 
nacreous  crystalline  scales,  with  a solution  of  protonitrate  of  mercury. 

Acetate  of  Ammonia  ( A + ac^ ) is  a very  deliquescent,  soluble  salt, 
and  extremely  difficultly  crystallizable.  In  solution,  obtained  by  satu- 
rating distilled  vinegar  with  carbonate  of  ammonia,  it  constitutes  the 
liquor  ammonite  acetatis  of  the  Pharmacopoeia , which  has  long  been  used 
in  medicine  as  a diaphoretic,  under  the  name  of  spirit  of  Mindererus. 
Acetate  of  ammonia  is  volatile  at  250°,  and  condenses  in  crystals.  Its 
theoretical  composition  is 


Ammonia  .... 

. 1 

17 

25 

Acetic  acid 

. 1 

51 

75 

Acetate  of  ammonia  . 

. 1 

68 

100 

Acetate  of  Potassa  (P  -¥aCr)  is  usually  formed  by  saturating  dis- 
tilled vinegar  with  carbonate  of  potassa,  and  evaporating  to  dryness.  If 
this  salt  be  carefully  fused,  it  concretes  into  a lamellar  deliquescent  mass 
on  cooling.  It  is  the  terra foliata  tartari , and  febrifuge  salt  of  Sylvius , 
of  old  pharmacy.  It  dissolves  in  its  own  weight  of  water  at  60°,  and 
the  solution  has  an  acrid  saline  taste.  Boiling  alcohol  dissolves  twice  its 
weight.  When  chlorine  is  passed  through  the  aqueous  solution  of  this 
salt,  carbonic  acid  is  evolved,  and  a powerful  bleaching-liquid  formed ; 


ex]>osed  to  air,  it  gives  out  chlorine  ; distilled,  it  yields  acetic  acid,  a 
little  chlorine,  and  no  oxygen.  Carbonic  acid  decomposes  the  alcoholic 
solution  of  acetate  of  potassa,  carbonate  of  potassa  is  deposited,  and 
acetic  acid,  which  produces  some  acetic  ether,  is  set  free.  When  a mix- 
ture of  acetate  of  potassa  and  of  arsenious  acid  are  distilled  together, 
carburetted  and  arsenuretted  hydrogen,  carbonic  acid,  water,  pyroacetic 
spirit,  and  an  oil-like  liquor  mixed  with  metallic  arsenic  are  the  results 
(Cadet’s  fuming  liquor);  acetate  of  potassa  is  anhydrous,  and  consists  of 


Wenzel. 

Richter. 

Potassa  .... 

. 1 . . 48  . . 

48.5 

. . 50.15  . . 

51.4 

Acetic  acid 

. 1 . . 51  . . 

51.5 

49.85  . . 

48.6 

Acetate  of  potassa 

. 1 99 

100.0 

100.00 

100.0 

Acetate  of  Soda. 

(S  + ac7.)  This 

is  an 

easily-crystallizable  salt 

its  forms  are  very  complex,  and  are  derived  from  an  oblique  rhombic 
prism.  (Brooke,  Ann.  of  Phil.,  2nd  series,  vi.,  39.)  When  it  contains  a 
little  tar,  the  crystals  are  often  bulky ; they  effloresce  in  dry  air,  are  soluble 
in  3 parts  of  cold  and  less  of  boiling  water,  and  are  sparingly  soluble  in 
alcohol.  This  salt  has  a bitterish,  pungent,  but  not  disagreeable  flavour; 
it  fuses  when  heated,  and  concretes  into  a lamellar  mass,  formerly  called 
terra  foliata  miner alis.  It  is  of  importance,  as  above  stated,  as  a source  of 
acetic  acid;  at  a red-heat  it  leaves  a mixture  of  carbonate  of  soda  and 
carbon,  in  a favourable  state  for  the  preparation  of  sodium.  The  anhy- 
drous salt  consists  of 


Berzelius.  Wenzel. 

Soda 1 . . 32  . . 38.5  ..  38.31]  ..  39.07  ' 

Acetic  acid ] . .51  ..  01.5  ..  01.089  ..  00.33 


Anhydrous  acetate  of  soda  . 1 83  100.0  100.000  100.00 

The  crystallized  salt  (S  + $C7-f-  6^)  includes  6 atoms  of  water,  or 


Thomson  anil 
Berzelius. 

Soda 1 . . 32  . . 23.3  . . 22.94 

Acetic  acid 1 . . 51  . . 37-3  . . 30.95 

Water 0 . . 54  . . 39.4  . . 40.11 


Crystallized  acetate  of  soda  . 1 137  100.0  100.00 

Acetate  of  Lithia  is  a very  deliquescent  and  difficultly-crystallizable 
salt. 

Acetate  of  Lime  (C  -\-CLC1)  forms  silky  acicular  prisms,  which 
effloresce  when  heated,  and  are  soluble  in  water  and  alcohol;  this  salt  is 
used  in  the  formation  of  acetate  of  soda  in  the  process  for  procuring  acetic 
acid;  it  is  anhydrous,  and  consists  of 

Berzelius.  Higgins.  Richter. 

Lime 1 . . 28  . . 35.4  . . 35,4  . . 35.7  . . 34.3 

Acetic  acid  . . . 1 . . 51  . . 04.6  . . 64.G  . . 64.3  . . 65.7 

Acetate  of  lime  . . 1 79  100.0  100.0  100.0  100.0 

Acetate  of  Baryta  (B-f-^C7)  is  formed  by  digesting  sulphuret  of 
barium  or  carbonate  of  baryta  in  acetic  acid,  filtering  and  evaporating; 
dried  at  212  ',  it  yields  a white  powder,  soluble  in  about  its  wreight  of 
water,  and  sparingly  soluble  in  alcohol,  and  of  an  acrid  pungent  taste: 
when  crystallized  at  a temperature  beknv  60°,  it  includes,  according  to 


1118 


ACETATES. 


Mitscherlich,  3 atoms  of  water,  and  its  form  resembles  that  of  acetate  of 
lead;  above  60°  it  forms  crystals  with  1 atom  of  water,  which  are  irre- 
gular six-sided  prisms,  terminated  by  diedral  summits,  the  primary  form 
of  which  is  a right  rhomboidal  prism.  (Brooke,  Ann.  of  Phil.,  2nd  series, 
vii.,  365.)  In  cold  weather  the  concentrated  solution  concretes  into  a 
congeries  of  silky  crystals.  It  is  sometimes  used  as  a test  of  sulphuric 
acid.  The  anhydrous  salt  consists  of 


Bucholz.  Richter. 

Baryta 1 . 77  . 60.1  . 60.56  . 59.4 

Acetic  acid 1 . 51  39.9  . 39.44  . 40.6 


Anhydrous  acetate  of  baryta  . 1 128  100.0  100.00  100.0 

and  the  common  crystallized  acetate  contains 

Baryta 1 . . 77 

Acetic  acid I ..51 

Water 1 9 

Crystallized  acetate  of  baryta  . 1 137  100.0  100.00 

Acetate  of  Strontia  (Str  + CLC')  is  a very  soluble  salt,  which,  when 
crystallized,  includes  2 atoms  of  water.  The  crystals  formed  below  60° 
contain  4 atoms  of  water. 

Acetate  of  Magnesia  is  a very  difficultly  crystallizable 


salt;  it  is  generally  obtained  in  the  form  of 
deliquescent,  soluble  in  water  and  alcohol,  and 

a gum-like  mass,  slightly 
composed  of 

Richter. 

Magnesia  ....  1 

Acetic  acid  ...  1 

20 

. . 51 

28.17 

71.83 

28.9 

71.1 

Acetate  of  magnesia  . 1 

71 

100.00 

100.0 

Acetate  of  Manganese. 

(Man-1  CLC '.) 

This  salt  is 

prepared  for 

the  use  of  calico-printers,  by  mixing  sulphate  of  manganese  with  acetate 
of  lime.  It  forms  transparent  pale-red  rhomboidal  tables,  soluble  in 
water  and  alcohol. 

Protacetate  of  Iron.  (Fe  + $C'.)  This  salt  is  obtained  by  the 
action  of  acetic  acid  on  protosulphuret  of  iron:  it  forms  a mass  of  white 
silky  crystals  when  evaporated  out  of  contact  of  air.  When  iron-filings 
are  digested  in  acetic  acid,  the  resulting  solution  contains  a mixture  of 
peracetate  and  protacetate. 

Peracetate  of  Iron  may  be  obtained  by  digesting  turnings  and 
clippings  of  iron  in  acetic  acid;  or  by  dissolving  peroxide  of  iron  in  the 
acid ; or  by  mixing  acetate  of  lead  with  sulphate  of  iron : it  forms  a deep 
reddish-brown  solution,  which,  when  carefully  concentrated,  yields  a gela- 
tinous residue,  but  does  not  crystallize;  if  rapidly  evaporated,  it  deposits 
a yellow  powder,  which  is  said  to  be  a diacetate.  This  solution  is  much 
employed  by  dyers  and  calico-printers. 

Acetate  of  Zinc  (Zn  + CLC*)  is  formed  either  by  dissolving  oxide  of 
zinc  in  acetic  acid,  or  by  mixing  a solution  of  sulphate  of  zinc  with  one 
of  acetate  of  lead.  It  crystallizes  in  thin  shining  rhomboidal  plates,  of  a 
bitter  and  metallic  taste,  very  soluble,  but  not  deliquescent:  their  primary 
form  is  an  oblique  rhombic  prism.  (Brooke,  Ann.  of  Phil.,  2nd  ser.,  vi.,  39.) 


Bucholz. 

. . 56.2  . . 56.70 

. . 37-2  . . 36.93 

. . 6.6  . . 6.37 
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This  salt  is  sometimes  used  in  pharmacy,  chiefly  as  an  external  applica- 
tion. According  to  Messrs.  Aikin,  the  specific  gravity  of  a saturated 
solution  of  acetate  of  zinc,  made  by  digesting  the  metal  in  distilled  vinegar, 
is  1055.  Of  this  solution,  900  grains  contain  53  of  dry,  or  82.6  of 
crystallized  acetate.  One  ounce,  by  measure,  of  the  solution,  weighs  506 
grains,  and  contains  29.8  grains  of  dry,  or  46.5  grains  of  crystallized  salt. 
This  salt,  in  its  crystallized  form,  includes,  according  to  Thomson,  7 atoms 
of  water. 

Acetate  of  Tin.  This  metal  is  slowly  acted  on  by  acetic  acid,  but  a 
prot acetate  and  peracetcite  of  tin  may  be  made  by  mixing  acetate  of  lead 
with  saturated  solutions  of  the  protomuriate  and  permuriate  of  tin. 
These  solutions  have  been  recommended  as  mordants  for  the  use  of  dyers. 
The  protacetate  is  crystallizable.  Vinegar,  kept  in  tin  vessels,  dissolves 
a very  minute  portion  of  the  metal;  and  in  pewter  vessels  it  likewise 
dissolves  a small  portion  of  the  lead,  where  in  contact  both  with  the 
vinegar  and  air;  hence,  distilled  vinegar,  which  has  been  condensed  in  a 
pewter  worm,  affords  generally  traces  of  both  metals.  (Vauquelin,  Ann. 
de  Chim .,  xxxii.) 

Acetate  of  Cadmium.  ( Cad  + ^C /.)  When  a concentrated  solution 
of  this  salt  is  exposed  for  about  ten  days  to  the  air,  it  is  gradually  con- 
verted into  a crystalline  mass,  while  a dense  liquid  remains  above  it. 
The  crystals  are  prisms,  very  soluble  in  water,  and  not  altered  by  exposure 
to  air  : they  include  2 atoms  of  water.  (Thomson.) 

Acetate  of  Cobalt.  Oxide  of  cobalt  is  easily  soluble  in  acetic  acid 
forming  a red  solution ; it  yields  a red  deliquescent  salt  when  carefully 
evaporated,  becoming  blue  when  heated,  and  forming  a good  sympathetic 
ink.  (Ilsemann,  Crell’s  Annals , 1785,  ii.,  25.) 

Acetate  of  Nickel.  (Nic  + ^C7.)  Carbonate  of  nickel  dissolves 
readily  in  acetic  acid,  forming  a dark-green  solution,  from  which  rhom- 
boidal  crystals  may  be  obtained,  soluble  in  water,  but  insoluble  in  alcohol ; 
when  heated,  they  give  out  water  and  become  yellow,  then  burn  like 
tinder,  and  leave  oxide  of  nickel : they  include  5 atoms  of  water. — 
(Thomson.) 

Acetate  of  Copper.  (Cu  -\-CLC1.)  This  salt  is  generally  distinguished 
as  crystallized  verdigris : it  has  been  long  known,  and  is  described  by 
Pliny,  (lib.  xxxiv.,  c.  ii.)  It  is  prepared  by  dissolving  the  subacetate  or 
common  verdigris  in  acetic  acid ; the  solution  is  put  into  pans  and  allowed 
slowly  to  crystallize,  generally  upon  twigs  or  pieces  of  string  suspended  in 
it : it  forms  oblique  rhombic  prisms  (Brooke,  Ann.  of  Phil.,  2nd  series, 
vi.,  39),  of  a rich  blueish -green  colour,  soluble  in  5 parts  of  boiling  water, 
and  sparingly  soluble  in  alcohol.  The  dilute  aqueous  solution  is  decom-N 
posed  when  boiled,  and  dej>osits  a tribasic  salt.  When  this  salt  is  heated 
in  the  air,  it  burns  with  a green  flame ; submitted  to  destructive  distilla- 
tion, it  yields  water,  acetic  acid,  pyroacetic  spirit,  carbonated  gases,  and  a 
white  crystalline  sublimate,  which  is  an  acetate  of  the  suboxide  of  copper ; 
it  leaves  a residue  of  very  finely-divided  copper  mixed  with  a little 
charcoal,  which  bums  like  tinder  when  heated,  and  at  a high  tempera- 
ture is  pyrophoric.  This  salt  was  formerly  a principal  source  of  strong 
acetic  acid,  but  since  the  discovery  of  the  modes  of  purifying  and  concen- 
trating pyroligneous  acid,  it  has  fallen  into  disuse.  When  sugar  is  added 
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to  a boiling  solution  of  acetate  of  copper,  a red  crystalline  powder,  said 
to  be  pure  suboxide  of  copper,  falls,  and  the  remaining  filtered  solution 
contains  some  peculiar  combination  of  copper,  which  has  not,  I believe, 
been  accurately  examined.  This  salt  consists  of 


Oxide  of  copper 
Acetic  acid  . 
Water  . . 


Phillips.  Uie. 

1 . . 40  . . 39.2  . . 39.6 

1 . . 51  . . 49.9  . . 52.0) 

1 ..  9 . . 11.9  ..  8.4! 


Gehlen.  Berzelius. 

40  . . 39.29 

GO  . . G0.71 


Crystallized  acetate  of 
copper  . . . 


100 


100.0 


100.0 


100 


100.00 


Diacetate  of  Copper.  Subacetate  of  Copper.  (2  Cu  + ClC[d) 
This  dibasic  salt  is  the  common  verdigris  of  commerce ; it  is  prepared  by 
exposing  thin  plates  of  copper  to  the  action  of  acetic  acid,  or  its  fumes ; 
the  method  now  practised  consists  in  alternating  plates  of  copper,  with 
pieces  of  woollen  cloth  steeped  in  acetic  acid ; they  gradually  become 
corroded  and  superficially  covered  with  verdigris,  which  is  from  time  to 
time  removed  and  the  operation  repeated,  as  long  as  the  plate  lasts. 
Sometimes  the  husks  and  stalks  of  grapes  or  raisins,  in  a state  of  acetous 
fermentation,  are  employed  to  act  upon  the  copper,  as  is  the  case  with 
some  of  the  French  verdigris.  This  article  is  commonly  rolled  or  packed 
in  white  leather,  and  is  frequently  much  adulterated  with  a mixture  of 
chalk  and  sulphate  of  copper.  Pure  diacetate  of  copper  is  in  small 
silky  crystals ; when  moistened  a little  it  crumbles,  and  is  only  partially 
soluble  in  water.  This  salt  consists  of 


Oxide  of  copper  . . 

2 

. . 80 

. . 43.24 

Berzelius. 

43.34 

Acetic  acid  .... 

1 

...  51 

27.57 

. . 27.45 

Water 

6 

54 

29.19 

. . 29.21 

Hydrated  diacetate  of) 

1 

185 

100.00 

100.00 

CUppCl  • e » • • j 

Mr.  Phillips  has  given  the  following  comparative  statement  of  the 
composition  of  the  different  kinds  of  verdigris.  {Ann.  of  Phil .,  second 
series,  vi.,  39.) 


Blue  Crystals. 

French  Verdigris.  English  Verdigris. 

Acetic  acid  . . . 

. . 28.30 

• • 

29.3  . . 

29.62 

Peroxide  of  copper 

. . 43.25 

• • 

43.5 

42.25 

Water 

• • 

25.2  . . 

27.51 

Impurity  .... 

. . 0 

• • 

2.0  . . 

0.62 

100. 

100. 

100. 

Subsesqui acetate  of  Copper.  (1^  Cu  + CLC1.)  This  sesquibasie 
salt  is  obtained  by  triturating  the  diacetate  aa  ith  Avater,  filtering  the  solu- 
tion, concentrating  it  by  slow  evaporation,  heating  so  as  to  dissolve  the 
deposit,  and  then  adding  alcohol ; Avhen  the  solution  is  set  aside  a gela- 
tinous mass  of  minute  crystals  is  formed,  which  when  dry  are  of  a pale 
blue  colour,  and  consist  of 


Oxide  of  copper  .... 

Acetic  acid 

Water 

4 

l 

3 

. . 60 
51 

. . 27 

. . 43.48 

. . 36.96 

19.56 

Berzelius. 

. . 43.19 

. . 36.80 

. . 20.01 

Hydrated  subsesquiacetate ) 
of  copper J 

1 

138 

100.00 

100.00 
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Tris acetate  of  Copper.  (3  Cu  + CLC' .)  This  tri basic  salt  is  the 
portion  of  the  diacetate  which  is  insoluble  in  water,  and  which,  when 
thoroughly  washed  with  alcohol,  and  dried  at  212°,  consists  of 


Oxide  of  copper  . . 

3 . . 

120 

63.5 

Berzelius. 

. . 64.30 

Acetic  acid  . . . 

1 

51 

27.0 

. . 27.60 

Water 

2 . . 

18 

• • 

0.5 

8.04 

Hydrated  trisacetate ) 
of  copper  . . . / 

Acetate  of  Lead. 

1 

180 

100.0 

100.00 

The  oxide 

of  lead 

combines, 

like  the  oxide  of 

copper,  in  several  proportions  with 

acetic 

acid. 

The 

neutral  acetate , 

(Pl  + CtC',)  has  long  been  known  under  the  name 

of  sugar  of  lead  ; it  is 

the  salt  of  Saturn  of  the  old  chemists,  and 

is  a 

considerable  article  of 

commerce,  being  much  used  in  various  operations  connected  with  dyeing 
and  calico-printing.  It  is  now  exclusively  prepared  by  digesting  oxide 
of  lead  in  pyroligneous  acid,  or  in  pure  acetic  acid,  and  is  found,  in  trade, 
of  various  degrees  of  purity,  according  to  the  purposes  for  which  it  is 
intended.  When  plates  of  lead  are  exposed  to  the  fumes  of  vinegar  or 
acetic  acid,  they  become  corroded  and  incrusted  with  a white  powder, 
which  is  carbonate  of  lead  (p.  718)?  and  which,  scraped  off  and  dissolved 
in  excess  of  acetic  acid,  forms  a solution  from  which  crystallized  acetate 
of  lead  is  obtained  by  evaporation.  Litharge,  or  other  oxides  of  lead, 
may  also  be  used  in  this  process.  This  salt  crystallizes  in  acicular 
masses,  when  its  hot  concentrated  solution  is  set  aside  to  cool,  and  in  this 
state  it  is  generally  found  in  commerce ; by  slower  evaporation,  it  yields 
truncated  and  flattened  quadrangular  and  hexaedral  prisms,  cleavable 
parallel  to  the  lateral  and  terminal  planes  of  a right-rliombic  prism, 
which  may  be  considered  as  its  primary  form.  (Brooke,  Ann.  of  Phil., 
2nd  series,  vi.,  374.)  These  crystals  are  permanent  in  ordinary  states  of 
the  atmosphere,  but  they  effloresce  at  about  100°,  and  in  vacuo  over 
sulphuric  acid.  Acetate  of  lead  has  a singularly  sweet,  and  somewhat 
astringent  taste  : its  sp.  gr.  is  2.57-  Water  boiled  upon  it  dissolves  0.29, 
and  retains  when  cold  0.27  of  its  weight  of  it.  (Bostock.)  It  does  not 
raise  the  boiling-point  of  water.  When  heated,  the  crystals  fuse  at  about 
130°;  at  212'  the  liquid  salt  boils,  and  having  lost  its  water  of  crystalliza- 
tion, concretes  into  a lamellar  mass ; at  a higher  temperature,  this  fuses, 
then  gives  out  acetic  acid,  pyroacetic  spirit,  and  carbonic  acid,  and  the 
residue  of  its  destructive  distillation  is  charcoal,  and  very  finely-divided 
lead,  in  a highly-combustible  state. 

Acetate  of  lead  is  partially  decomposed  by  carbonic  acid,  which  throws 
down  a portion  of  carbonate  of  lead,  and  the  acetic  acid  which  is  set  free, 
protects  the  remaining  solution  from  further  precipitation ; the  carbonic 
acid  contained  in  the  atmosphere  partially  decomposes  acetate  of  lead,  in 
this  way.  All  the  acids  and  their  salts,  which  form  insoluble  or  difficultly- 
soluble  compounds  with  oxide  of  lead,  also  decompose  this  salt,  and  these 
are  very  numerous;  and  in  consequence  of  the  facility  with  which  the 
insoluble  salts  of  lead  are  decomposed,  when  diffused  through  water,  by 
sulphuretted  hydrogen,  such  applications  of  the  acetate  are  of  frequent 
occurrence.  The  crystals  of  this  salt  are  represented  by  (Pl  + CtC ' -f-  3 q ), 
they  consist  of 

4 c 
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Berzelius. 

Thenarrt. 

Oxide  of  lead  . . 

1 

. 112 

58.95 

. . 58.71 

. . 58 

Acetic  acid  . . . 

1 . 

. 51 

. . 26.84 

. . 26.97 

. . 26 

Water  .... 

3 . 

• 27 

14.21 

. . 14.32 

. . 16 

Crystallized  acetate  1 
of  lead  ....  1 

1 

390 

100.00 

100.00 

100 

Diacetate  of  Lead.  (2  Pl-J-  CtCb)  This  salt  is  formed,  according  to 
Thomson,  by  boiling  a solution  of  acetate  of  lead,  with  the  requisite 
atomic  proportion  of  litharge  : on  evaporation,  it  falls  as  a white  crystal- 
line sediment,  of  a sweet  astringent  taste,  and  soluble  in  water.  Its 
constituents  are 


Oxide  of  lead  ...... 

2 

• * 

224 

Thomson. 

61.2 

Acetic  acid 

1 

• « 

51 

14.0 

Water 

10 

• • 

90 

. . 24.8 

Hydrated  diacetate  of  lead  . . 

1 

365 

100.0 

Trisacetate  of  Lead.  (3  ¥l-\-CLC'.)  This  tribasic  acetate,  has  long 
been  known,  in  solution,  under  the  name  of  Goulard’s  Extract  of  Lead. 
It  is  the  Liquor  plumbi  subacetatis  of  the  Pharmacopoeia.  It  is  prepared 
by  boiling  excess  of  fmely-powdered  protoxide  of  lead  in  a solution  of 
the  acetate,  or  in  dilute  acetic  acid.  About  15  parts  of  litharge  to  10  of 
the  crystallized  acetate,  may  be  used ; about  6 parts  are  dissolved ; and  the 
solution,  filtered  and  evaporated,  leaves  an  uncrystailizable  and  anhy- 
drous trisacetate.  It  is  soluble  in  water,  but  insoluble  in  alcohol.  It 
has  an  alkaline  reaction.  It  is  a very  susceptible  test  of  the  presence  of 
carbonic  acid,  which  it  absorbs  from  the  atmosphere,  and  suffers  a pro- 
portionate decomposition : even  distilled  water  is  seldom  so  free  from 
carbonic  acid  as  not  to  be  rendered  turbid  on  the  addition  of  a few  drops 
of  the  solution  of  this  salt.  It  forms  precipitates  in  all  solutions  which 
affect  the  neutral  acetate,  and  it  throws  down  the  greater  number  of 
organic  compounds,  hence  its  use  in  many  cases  of  analysis.  The  anhy- 
drous salt  consists  of 

Berzelius. 

Oxide  of  lead  . . 3 . . 336  . . 86.82  . . 86.77 

Acetic  acid  ...  1 . . 51  . . 13.18  . . 13.23 

Trisacetate  of  lead  1 387  100.00  100.00 

Hexacetate  of  Lead.  (gPl  + ^CL)  When  1 part  of  acetate  of 
lead  and  2 of  litharge  are  boiled  together,  or  when  acetate  of  lead  is 
decomposed  by  excess  of  ammonia,  a white  powder  is  obtained,  of  very 
sparing  solubility,  and  consisting  of 


Berzelius. 

Oxide  of  lead 6 . . 672  . . 80.60  . . 91.3 

Acetic  acid 1 . . 51  . . 6.80  . . 5.7 

Water 3 . . 27  . . 3.60  . . 3.0 


Hydrated  hexacetate  of  lead  1 750  100.00  100.0 

Acetate  of  Antimony.  This  salt,  formed  by  digesting  the  protoxide 
in  vinegar,  was  once  employed  as  an  emetic. 

Acetate  of  Bismuth  may  be  formed  by  adding  nitrate  of  bismuth  to 
a concentrated  solution  of  acetate  of  potassa;  a precipitate  falls,  which 
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redissolves  on  the  application  of  heat,  and  afterwards  affords  scaly  crystals. 
The  addition  of  acetic  acid  to  nitrate  of  bismuth  prevents  its  precipitation 
when  diluted.  (Morveau,  Ency.  Method.  Chimie.)  *■ 

Acetate  of  Uranium  forms  four-sided  prismatic  crystals  of  a yellow 
colour. 

Acetate  of  Cerium.  Recently-precipitated  oxide  of  cerium  readily 
dissolves  in  acetic  acid,  and  yields  small  crystals  on  evaporation,  of  a 
sweetish  taste,  permanent,  and  readily  soluble  in  water.  (Hisinger  and 
Berzelius:  Gehlen’s  Jour .,  ii.  414.) 

Protacetate  of  Mercury  (Hg  + dCf)  is  most  readily  formed  by 
mixing  a solution  of  protonitrate  of  mercury  with  acetate  of  potassa. 
For  this  purpose  dissolve  three  ounces  of  mercury  in  about  four  ounces 
and  a half  of  cold  nitric  acid,  and  mix  this  solution  with  three  ounces  of 
acetate  of  potassa  previously  dissolved  in  eight  pints  of  boiling  water,  and 
set  the  whole  aside  to  crystallize,  which  takes  place  as  the  liquor  cools, 
and  the  acetate  of  mercuiy  then  separates  in  the  form  of  micaceous 
crystalline  plates,  which  are  to  be  washed  in  cold  water,  and  dried  on 
blotting-paper.  ( Edin . Pluir.')  In  preparing  this  salt,  the  quantity  of 
water  for  dissolving  the  acetate  need  not  be  so  large  as  above  directed, 
one  pint  being  sufficient,  but  it  is  necessary  to  pour  the  mercurial  solu- 
tion into  the  acetate.  This  salt  has  an  acrid  taste,  and  is  very  difficultly 
soluble  in  water,  requiring,  according  to  Braconnot  {Ann.  de  Chim ., 
Ixxxvi.,  92),  600  parts  of  water.  It  is  insoluble  in  alcohol.  It  was  once 
used  in  medicine.  It  consists  of 

Dumas.  Garot. 

Protoxide  of  mercury  . . I ...  208  ...  80.2  ...  80. 66  ...  79.7 

Acetic  acid 1 ...  51  ...  19.8  . . 19.34  ...  20.3 

Protacetate  of  mercury  . . 1 259  100.0  100.00  100.0 

Peracetate  of  Mercury  ( hg  + 2 O + CIC1)  is  obtained  by  boiling 


peroxide  of  mercury  in  acetic  acid ; on  cooling,  nacreous  crystals  are 
deposited,  readily  soluble  in  water,  and  composed  of 

Stromeyer,  Garot, 

Peroxide  of  mercury  . . I ...  21G  ...  GO. 9 ...  G7.GG4  ...  G7. 

Acetic  acid 2 ...  102  ...  33.1  ...  32.33G  ...  33. 

Peracetate  of  mercury  . 1 318  100.0  100.000  100. 


Acetate  of  Silver.  (Ag  + CLC  f .)  This  is  a very  difficultly-soluble 
salt,  and  much  resembles  the  protacetate  of  mercury.  It  is  deposited  in 
lamellar  crystals  when  acetic  acid  is  added  to  a strong  solution  of  nitrate 
of  silver;  it  is  abundantly  precipitated  from  a mixed  solution  of  nitrate 
of  silver  and  acetate  of  soda.  Its  difficult  solubility  renders  nitrate  of 
silver  useful  occasionally  as  a test  of  acetic  acid.  It  consists  of 

Dumas. 

Oxide  of  silver  . . 1 ...  116  ...  69.4G  ...  70.33 

Acetic  acid  ...  1 ...  51  ...  30.54  ...  29.67 

Acetate  of  silver  . 1 167  100.00  100.00 

Acetate  of  Alumina.  This  salt  is  extensively  employed  by  dyers 
and  calico-printers  as  a basis  or  mordant  for  fixing  a great  variety  of 
colours:  it  is  usually  made  by  mixing  solutions  of  alum  and  acetate  of 
lead.  About  3 lbs.  of  alum  are  dissolved  in  eight  gallons  of  water,  and  a 

4 c 2 


1124 


PY ROACETIC  SPIRIT. 


pound  and  a lialf-of  sugar  of  lead  stirred  into  it;  a copious  formation  of 
sulphate  of  lead  ensues,  which  is  allowed  to  subside,  and  the  clear  liquor 
holding  acetate  of  alumina  and  a portion  of  undecomposed  alum  in  solu- 
tion, is  then  drawn  off;  a portion  of  pearlash  and  chalk  being  added  to 
it  previous  to  use,  in  order  to  saturate  any  excess  of  acid.  This  salt  is 
also  produced  by  the  mutual  decomposition  of  acetate  of  lime  and  alum. 
A gallon  of  a solution  of  acetate  of  lime,  of  a specific  gravity  of  about  1.050, 
equivalent  to  nearly  half  a pound  avoirdupois  of  dry  acetic  acid,  is 
employed  for  every  2f  lbs.  of  alum.  (Ure’s  Dictionary , Art.  Alumina.) 

Acetate  of  alumina,  formed  by  digesting  recently-precipitated  alumina 
in  acetic  acid,  may  be  procured  in  deliquescent  acicular  crystals  of  an 
astringent  taste,  and  containing,  according  to  Richter,  73.81  acid  + 26.19 
alumina:  hence  it  is  probably  a binacetate. 

The  solution  of  this  salt  becomes  turbid  when  heated,  and  again 
transparent  on  cooling;  a curious  circumstance,  first  observed  by  Gay 
Lussac,  and  depending  upon  a temporary  decomposition  of  the  acetate ; 
whether  the  deposit  be  alumina  or  a subacetate  seems  not  understood; 
it  is  prevented  in  the  solutions  used  by  the  calico  printer,  by  excess  of 
alum. 

Pyroacetic  Spirit;  Pyroacetic  Ether;  Acetone.  This  product 
was  obtained  by  Derosne,  along  with  acetic  acid,  by  the  destructive  dis- 
tillation of  acetate  of  copper.  (Ann.  de  Chim .,  lxiii.,  267-)  Chenevix 
obtained  it  from  other  acetates,  and  it  has  subsequently  been  examined 
by  Macaire  and  Marcet  (Ann.  of  Phil.,  N.  S.,  viii.,  69),  and  by  Liebig 
and  Dumas.  (Ann.  de  Chim.  et  Phys .,  xlix.)  When  acetate  of  lime  is 
carefully  distilled,  it  yields  a considerable  portion  of  this  product;  it  may 
be  freed  from  water  and  empyreumatic  oil,  by  repeated  rectification  over 
chloride  of  calcium.  It  is,  when  pure,  a colourless  limpid  liquid,  highly 
inflammable,  of  a peculiar  penetrating  and  somewhat  aromatic  odour; 
specific  gravity  = 0.792  at  64°.  It  boils  at  132°,  and  the  density  of  its 
vapour  is,  according  to  Dumas,  2.019.  It  mixes  in  all  proportions  with 
water,  alcohol,  ether,  and  oil  of  turpentine;  it  is  not  affected  by  exposure 
to  air;'  it  may  be  distilled  without  change  over  the  caustic  alkalis  and 
chloride  of  calcium ; but  when  mixed  with  fixed  alkaline  solutions,  and 
exposed  to  air,  oxygen  is  absorbed,  and  a brown  matter  slowly  formed.  It 
dissolves  saline  substances  generally,  less  copiously  than  alcohol.  Distilled 
with  chloride  of  lime  it  yields  chloroform,  (p.  1106.)  Gaseous  chlorine 
is  absorbed  by  it,  with  the  evolution  of  muriatic  acid  and  the  formation 
of  a peculiar  oily  fluid  of  the  specific  gravity  1.33,  and  composed  of 
(-8  car  4-2  h + C + O .)  Liebig. 

The  ultimate  components  of  pyroacetic  spirit  appear  to  be 

Dumas.  Macaire  and  Marcet 

Carbon 3 ...  18  ...  62.0  ...  62.5  ...  55.30 

Hydrogen 3 ...  3 ...  10.4  ...  10.2  ...  8.20 

Oxygen 1 . 8 ...  27.6  ...  27.3  ...  36.50 

Pyroacetic  spirit  . . 1 29  100.0  100.0  100.00 

The  product  analyzed  by  Macaire  and  Marcet  was  probably  not  pure. 
Liebig  and  Dumas  have  observed  that  anhydrous  acetate  of'  baryta  is 
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resolved  by  heat  into  pyroacetic  spirit  and  carbonate  of  baryta,  and  it  will 
be  found  that 

1 equivalent  of  acetic  acid  — 51,  or  ( 4 CCtV  + 3 A + 3 0 ) 
may  be  exactly  resolved  into 

1 equivalent  of  pyroacetic  spirit  — 29,  or  ( 3 COLT  + 3 A + 0.) 

1 carbonic  acid  = 22,  or  ( CCLT  + 2 0.) 

Pyroxylic  Spirit;  Pyroligneous  Spirit;  Bi hydrate  of  Methy- 
lene. (From  //.sQy,  mine,  and  v\y,  mood.)  We  owe  the  discovery  of  this 
highly -interesting  product  to  Mr.  Philip  Taylor  (Quart.  Jour,  of  Science, 
xiv.,  436);  it  was  afterwards  examined  by  Macaire  and  Marcet  ( Bibl . 
Univ.  and  Ann.  of  Phil.,  N.  S.,  viii.  62),  then  by  Dobereiner,  by  Colin, 
and  by  Liebig,  and  lastly  by  Dumas  and  Peligot.  (Dumas,  Chim.  App. 
aux  Arts,  v.,  419,)  When  wood  is  subjected  to  destructive  distillation 
there  is  formed,  along  with  the  tar,  acetic  acid,  and  other  products  which 
I have  already  described,  a variable  portion  of  a higlily-inflammable  and 
volatile  liquid;  it  may  be  separated,  to  a certain  extent,  from  the  water 
and  acetic  acid,  by  distillation  and  separation  of  the  first  products ; and 
these,  redistilled  and  rectified  over  quicklime,  at  length  afford  the  pure 
pyroxylic  spirit , or  alcohol  of  ivood.  If  it  contain  ammonia,  it  must  be 
neutralized,  previous  to  its  last  rectification,  by  sulphuric  acid  *. 

Pyroxylic  Spirit  is  a limpid  liquid,  of  a peculiar  odour,  partaking 
of  that  of  alcohol  and  acetic  ether,  with  an  aromatic  taint  which  has  been 
compared  to  peppermint.  Its  taste  is  hot  and  pungent.  Its  specific 
gravity  at  60°  is  about  0.800.  It  boils  at  1 50° ; if  heated  in  a retort, 
even  in  a water-bath,  the  sudden  extrications  of  its  vapour  are  trouble- 
some, and  may  be  prevented  by  the  presence  of  a little  mercury,  which 
equalizes  the  distribution  of  heat.  The  density  of  its  vapour  is  1.115. 
It  is  not  altered  by  exposure  to  air,  but  when  subjected  to  the  slow 
action  of  the  black  platinum  (831,)  it  yields  formic  acid;  not  acetic  acid, 
as  is  the  case  with  alcohol. 

Chlorine  acts  less  powerfully  on  pyroxylic  spirit  than  on  alcohol,  and 
heat  is  required  to  accelerate  their  mutual  action;  it  gives  rise  to  the 
production  of  two  liquids  of  very  different  degrees  of  volatility;  that 
which  is  least  volatile  forms  a crystallizable  compound  with  ammonia. 
Chloride  of  lime  acts  upon  pyroxylic  spirit  as  it  does  upon  alcohol;  it  also 
dissolves  potassa  and  soda  with  similar  phenomena.  It  dissolves  baryta 
with  the  evolution  of  heat ; and  with  solution  of  potassa  and  sulphuret 


* The  experiments  which  have  been 
made  upon  pyroxylic  spirit,  show  its 
close  connexion  with  alcohol,  and  lead 
us  to  suspect  that,  at  no  very  remote 
period,  alcohol  will  rank  among  the  other 
extraordinary  products  which  are  de- 
rived from  lignin.  Although  this  spirit 
has  not,  I believe,  as  yet  been  rendered 
palatable,  or  resorted  to  as  a stimulant, 
it  is  much  used  as  a substitute  for  alcohol 
in  the  manufacture  of  varnishes  and 
other  purposes  of  the  arts;  it  is  also 
commonly  employed  (often  under  the 
name  of  naphtha)  to  burn  in  lamps,  as  a 


cheap  substitute  for  spirit  of  wine.  The 
chemical  characters  of  pyroxylic  spirit , as 
opposed  to  those  of  alcohol , are  apparently 
sufficient,  when  carefully  observed,  to 
enable  us  satisfactorily  to  distinguish 
them;  but  articles  are  imported  under 
the  name  of  pyroligneous  ether , spirit , & c., 
which  are  most  suspiciously  identical 
with  alcohol,  and  which,  if  not  closely 
examined,  may  lead  to  serious  frauds 
upon  the  revenue:  strong  alcohol,  dis- 
guised as  to  smell  and  taste,  as  in  those 
respects  to  resemble  pyroxylic  spirit,  has 
already  been  found  in  the  market. 
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of  carbon,  it  forms  a product  which  resembles  Zeise’s  hydroxanthate  of 
potassa.  Its  solvent  powers,  in  regard  to  salts,  closely  resemble  those  of 
alcohol,  and  it  may  be  substituted  for  alcohol  in  the  preparation  of 
fulminating  silver,  though  the  action  is  less  violent  and  the  product 
smaller  in  quantity.  It  dissolves  the  resins,  and  may  be  used  as  an 
excellent  substitute  for  alcohol  in  all  varnishes;  indeed  its  superior  vola- 
tility renders  it  preferable. 

Protohydrate  of  Methylene.  When  1 part  of  pyroligneous  spirit 
is  distilled  with  4 of  sulphuric  acid,  abundance  of  gas  is  evolved ; when 
this  is  collected  over  mercury,  it  is  found  to  consist  of  carbonic  and 
sulphurous  acids,  which  may  be  abstracted  by  potassa,  and  of  hydrate  of 
methylene , a gaseous  body,  having  a specific  gravity  = 1.61,  and  com- 
posed of 

Sp.  Gr« 

1 volume  carbon  vapour  ....  0.8432 

2  hydrogen  gas  . . . . . 0.1370 

1 ■ — - — aqueous  vapour  ....  0.6200 

1.6008  (Dumas.) 

This  gas,  therefore,  according  to  Dumas,  is  isomeric  with  alcohol,  and 
the  vast  difference  in  their  respective  properties  depends  upon  the  different 
densities  of  their  hydrocarbon ; the  hydrogen  and  carbon  which  constitute 
1 volume  of  alcoholic  hydrocarbon,  forming  2 volumes  of  methylie  hydro- 
carbon. 

This  gas  is  colourless,  of  an  ethereal  odour,  and  burns  with  a flame 
resembling  that  of  alcohol ; water  dissolves  about  37  times  its  volume  of 
it,  at  65°,  and  acquires  an  ethereal  odour  and  pungent  taste  : it  is  more 
soluble  in  alcohol  and  in  pyroxylic  spirit;  it  also  dissolves  in  sulphuric  acid, 
and  is  again  evolved  when  water  is  added.  It  is  presumed  to  consist  of  1 
atom  of  methylene  and  1 of  water. 

Combinations  of  Methylene  with  the  Hydracids.  The  hydracids  act 
upon  pyroxylic  spirit,  producing  compounds  analogous  to  the  ethers  of 
those  acids,  the  water  of  the  pyroxylic  spirit  being  thrown  off,  and 
replaced  by  the  acid,  in  such  a way  that  each  volume  of  the  new  com- 
pound includes  1 volume  of  methylene  and  1 volume  of  the  acid ; these 
compounds  are  neutral,  and  show  no  indications  of  their  included  acids 
to  tests,  till  the  combination  is  destroyed  by  a red-heat  or  by  inflam- 
mation. 

Muriate  of  Methylene.  This  compound  is  best  obtained  by  heat- 
ing a mixture  of  2 parts  of  chloride  of  sodium,  1 of  pyroxylic  spirit,  and 
3 of  sulphuric  acid ; a gas  is  evolved,  which  may  be  received  over  water, 
and  which  is  pure  muriate  of  methylene,  any  impurities  being  abstracted 
by  the  water.  This  gas  is  not  condensible  at  0°,  it  is  colourless, 
of  an  ethereal  odour,  and  sweet  taste,  and  burns  with  a greenish-white 
flame.  Water  at  60°,  dissolves  2.8  volumes.  It  is  quite  neutral,  and 
gives  no  precipitate  with  solution  of  nitrate  of  silver,  resembling  in  these 
respects  muriatic  ether.  Its  density,  determined  by  experiment,  is  1.736, 
and  analysis  shows  that  it  contains  1 volume  of  methylene.  As  the  den- 
sity of  muriatic  acid  gas  is  1 .2474,  it  is  obvious  that  this  ether  is 
composed  of  1 volume  of  methylene,  and  1 volume  of  muriatic  acid  gas, 
condensed  into  1 volume,  for 


METHYLENE. 


Sp.  Gr. 

1 Volume  of  methylene  ....  0.4904 

1 „ Muriatic  acid  gas  . . . 1.2474 

1 „ Muriate  of  methylene  1.7379 


Combinations  of  Methylene  with  the  Oxyacids.  The  action  of 
the  oxyacids  upon  pyroligneous  spirit,  gives  rise  to  two  classes  of  products ; 
the  one  corresponding  to  the  compound  ethers  formed  hy  alcohol;  the 
other  analogous  to  the  sulphovinic  or  phospliovinic  acids.  The  first  are 
neutral,  and  contain  1 atom  of  methylene,  1 atom  of  acid,  and  2 atoms  of 
water ; they  are  more  volatile  and  more  stable  than  the  corresponding 
alcoholic  compounds. 

Sulphate  of  Methylene  is  produced  in  the  form  of  a heavy  oil-like 
liquid,  during  the  distillation  of  1 part  of  pyroxylic  spirit  with  8 or  1 0 of 
sulphuric  acid ; when  the  oil  is  purified,  it  has  an  alliaceous  odour ; its 
specific  gravity  is  1.324;  when  anhydrous  it  admits  of  redistillation  with- 
out decomposition;  cold  water  slowly  decomposes  it,  hut  boiling  water 
instantaneously,  resolving  it  into  regenerated  pyroxylic  spirit,  and  into 
sulphomethylic  acid ; it  is  also  decomposed  by  the  hydrated  alkalis. 

The  composition  of  this  oil  is  stated  by  Dumas  to  be  22.5  methylene, 
63.3  sulphuric  acid,  14.2  water. 

In  regard  to  the  other  combinations  of  methylene,  I must  refer  to  the 
authorities  quoted,  or  to  Dumas.  ( Chim . App.  aux.  Arts , v.) 

According  to  Dumas  and  Peligot,  pyroxylic  spirit  is  composed  of 


Carbon 2 

Hydrogen  ....  4 , . . 

Oxygen  ....  2 

Py  roxylic  spirit  . . 1 

These  numbers  are  equivalent  to 

Olefiant  gas  ....  1 

Water 2 

Pyroxylic  spirit  ...  1 


12 

37.4 

Dumas. 

37.97 

4 

12.6  . . 

12.40 

16 

. . 50.0  . . 

49.63 

32 

100.0 

100.00 

14 

43.8 

. . 

18 

56.2 

32 

100.0 

But  the  term  methylene  is  applied,  not  to  olefiant  gas,  but  to  a hydro- 
carbon of  which  1 volume  contains  1 atom  of  carbon  and  1 of  hydrogen, 
so  that  its  density  is  just  half  that  of  olefiant  gas,  being,  according  to 
Dumas,  0.4904;  and  in  representing  it  by  the  equivalent  14,  it  is 
assumed  that  its  atom  corresponds  to  two  volumes:  if  its  equivalent  be 
called  7,  it  will  then  correspond  with  its  density,  in  reference  to  hydrogen, 
as  “ 1,  and  in  that  case,  pyroxylic  spirit  will  be  represented  by 


Methylene  1 

. 7 

• • 

43.8  . . 

Vols. 

1 

Sp  Gr. 

. . 0.490 

Water  . 1 

. 9 

• • 

56.2  . . 

1 

. . 0.625 

Pyroxylic  spirit  1 

16 

100.0 

1 

1.115 

And  the  gaseous  hydrate  of 

consist.  nf 

methylene  called  above,  the  protohydrate. 

Methylene 

2 

14 

. . 60.9 

Vols. 

. . 2 

Sp.Gr. 

. . 0.980 

Water  . 

1 

9 

. . 39.1 

. . 1 

. . 0.625 

Dihydrate  of  methylene 

1 

23 

100.0 

1 

1.605 
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The  muriate  of  methylene,  in  reference  to  this  view,  will 
consist  of 


Vols  S]>.  Gr. 

Methylene  2 . . 14  . . 27-5  . . 2 . . 0.980 

Muriatic  acid  1 . . 37  • • 72.5  . . 2 . . 2.494 


then 


1 


l 51  100,0  2 1.737 


The  nature  of  methylene  or  the  base  of  pyroxylic  spirit  requires 
further  examination,  hut  if  the  preceding  views  be  correct,  it  furnishes  the 
compound  of  1 atom  of  carbon  and  1 of  hydrogen,  which  was  required  to 

complete  the  series  of  hydrocarbons:  its 
formula  is  {COLT  + A)  and  its  equivalent 
7,  and  in  reference  to  the  diagrams 
which  I have  elsewhere  employed,  it 
may  be  represented  as  in  the  margin. 

It  is  impossible  to  review  the  facts  which  have  been  adduced  respect- 
ing the  atomic  constitution  of  the  various  hydrocarbons,  and  their  relations 
to  oxygen  and  other  substances,  in  the  character  of  bases , without  favour- 
able anticipations  in  regard  to  the  ultimate  influence  of  these  inquiries,  in 
simplifying  our  views  of  organic  compounds.  Some  of  the  theoretical 
inferences  bearing  upon  this  subject  have  perhaps  been  carried  too  far, 
and  others  are  purely  hypothetical,  but  it  is  only  by  thus  viewing  the 
question  in  different  lights,  and  by  associating  and  comparing  the  expe- 
rimental results,  that  the  problem  respecting  the  atomic  constitution  of 
organic  compounds  can  be  ultimately  solved  ; it  will  then,  no  doubt  be 
found  that  the  complexity  and  incongruities  which  hang  over  the  subject 
are  apparent  only,  and  that  the  fundamental  doctrines  of  organic  chemistry 
will  admit  of  some  simple  enunciation. 


Hydrogen. 

Carbon. 

6 

Methylene. 

1 

7 

Lactic  Acid.  This  acid,  as  its  name  imports,  was  originally  discovered 
in  sour  milk  (Scheele,  Opusc:  ii.  101,)  it  was  then  recognised  by  Berzelius, 
in  many  animal  fluids,  and  afterwards  by  Braconnot,  as  a product,  along 
with  acetic  acid,  of  the  sour  fermentation  of  rice-meal,  wheat-paste, 
the  juice  of  the  beet-root,  and  other  vegetable  substances ; he  gave  it  the 
name  of  nanceic  acid  (from  Nancy,  the  place  of  his  residence.)  It 
has  also  been  termed  Zumic  acid  (from  leaven .)  It  was  supposed 

to  be  a compound  of  acetic  acid  with  organic  matter,  but  the  error  of  that 
conclusion  has  been  proved  by  Pelouze  and  Jules  Gay  Lussac  {Ann.  de 
Cliim .,  nii.,  410.)  It  has  been  found  by  Coriol  combined  with  lime  and 
magnesia,  in  the  fermented  infusion  of  mix  vomica.  {Jour,  de  Phar. 
xix.,  155,  373.) 

Lactic  acid  may  be  obtained  as  follows: — Expose  the  expressed  juice 
of  beet-root  to  a temperature  between  75°  and  85° ; in  some  days  fermen- 
tation comes  on,  and  continues  for  about  two  months ; when  this  has 
ceased,  the  juice  is  evaporated  to  the  consistency  of  syrup,  during  which 
crystals  of  mannite  separate : it  is  then  treated  by  alcohol,  which  takes  up 
lactic  acid,  and  which  may  be  to  a certain  extent  purified,  by  evaporation, 
and  solution  of  the  residue  in  water;  a portion  of  insoluble  impurity 
remains:  this  aqueous  solution  of  the  impure  lactic  acid  is  then  saturated 
by  carbonate  of  zinc;  the  soluble  lactate  of  zinc  is  separated  by  filtration, 
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and  crystallized;  it  is  then  redissolved  in  water,  boiled  with  animal 
charcoal,  and  filtered  whilst  hot;  on  cooling,  the  lactate  of  zinc  separates 
in  white  crystals,  which  are  washed  with  alcohol,  decomposed  by  baryta, 
and  the  lactate  of  baryta,  which  is  soluble,  is  decomposed  by  sulphuric 
acid.  By  a similar  process  lactic  acid  may  be  obtained  from  thoroughly 
sour  milk.  The  aqueous  solution  of  the  acid  may  be  concentrated  in 
vacuo,  and  finally  rendered  quite  pure,  by  solution  in  ether,  which  leaves 
a little  flocculent  matter. 

Lactic  Acid  is  colourless,  inodorous,  very  sour,  of  a syrupy  consistence, 
and  its  specific  gravity  is  1.215;  it  attracts  moisture  from  the  air,  and 
dissolves  in  all  proportions  in  water  and  alcohol,  and  in  smaller  quantity 
in  ether.  It  easily  coagulates  milk,  and  has  a considerable  solvent  power 
over  phosphate  of  lime,  which  induces  Berzelius  to  regard  it  as  the  solvent 
of  that  salt  in  many  animal  fluids.  Added  to  a strong  solution  of  acetate 
of  magnesia,  it  forms  a granular  precipitate  of  lactate  of  magnesia,  and  the 
odour  of  acetic  acid  is  exhaled. 

When  lactic  acid  is  cautiously  heated,  it  first  becomes  more  liquid,  it 
then  yields  inflammable  gases,  acetic  acid,  and  a white  sublimate,  which  is 
crystallized  lactic  acid , and  charcoal  remains.  These  crystals,  dried  by 
pressure  in  bibulous  paper  and  dissolved  in  alcohol,  yield  perfectly  white 
rhomboidal  tables,  fusible  at  225°,  and  volatile  at  472°;  this  vapour  again 
condenses  in  crystals,  which  when  dissolved  in  water,  yield  an  acid 
exactly  resembling  the  original : according  to  J.  Gay  Lussac  and  Pelouze, 
the  crystallized  acid  is  anhydrous  and  consists  of 


Carbon  . ...  6 

Hydrogen  ...  4 

Oxygen  ....  4 


36  . . 50.0 

4 . . 5.6 

32  . . 44.4 


Anhydrous  lactic  acid  1 


72  100.0 


The  lactic  acid,  as  it  exists  in  the  neutral  lactates  in  their  driest  state, 
and  exclusive  of  water  of  crystallization,  carries  with  it  one  atom  of  water, 
or  of  the  elements  of  water,  and  is  therefore,  in  them,  represented  by  *J2 
-f  9 or  81;  its  formula  being  fCCLV  + 5 O.) 

The  syrupy  acid  includes  2 atoms  of  water,  so  that  in  combining  with 
bases  it  throws  off  1 atom,  and  retains  1,  whilst  the  crystallized  acid,  in 
similar  cases,  resumes  an  atom  of  water.  No  anhydrous  lactate  therefore 
has  been  obtained. 

Characters  of  the  Lactates.  All  these  salts  are  soluble,  and  many 
of  them  are  uncrystallizable.  The  lactates  of  potassa , and  of  soda  are 
deliquescent  and  soluble  in  alcohol;  they  yield  crystalline  masses  by 
evaporation  in  vacuo.  Lactate  of  ammonia  is  deliquescent  and  uncrystal- 
lizable. Lactates  of  baryta,  and  of  lime  yield  gum-like  masses;  those  of 
alumina,  of  peroxide  of  iron,  and  of  copper  are  uncrystallizable ; lactate 
of  magnesia  is  crystallizable,  and  lactate  of  zinc  yields  four-sided  prisms, 
sparingly  soluble  in  water  and  insoluble  in  alcohol;  they  contain  4 atoms 
of  water.  Lactate  of  silver  forms  white  acicular  crystals. 


Putrefactive  Changes  of  Vegetable  Substances.  The  phenomena 
of  vegetable  putrefaction,  or  of  putrefactive  fermentation,  have  been  very 
imperfectly  investigated,  and  it  is  the  general  effects  only  of  these  changes, 
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and  not  their  causes,  or  intimate  nature,  that  have  been  hitherto 
developed.  Much  that  will  be  stated  in  the  next  chapter  in  reference  to 
animal  putrefaction  applies  also  to  that  of  vegetables ; they  are  botli 
occasionally  productive  of  infectious  poisons,  but  the  effluvia  of  the  latter 
are  chiefly  such  as  give  rise  to  intermittent  fever,  whilst  the  former 
produce  remittent  and  typhoid  diseases.  The  circumstances  and  agents 
which  I shall  have  occasion  to  notice  as  modifying,  retarding,  or  accele- 
rating animal  putrefaction,  are  generally  similarly  effective  in  regard  to 
vegetables,  and  in  many  other  respects  the  two  series  of  phenomena  are 
closely  analogous;  but  the  almost  uniform  presence  of  nitrogen,  sulphur, 
and  phosphorus,  in  animal  products,  and  their  comparative  rarity  in 
those  of  the  vegetable  kingdom,  render  the  putrefactive  effluvia  of  the 
latter  less  fetid  and  disagreeable;  ammoniacal  compounds,  and  sulphu- 
retted and  phosphuretted  hydrogen,  being  in  the  latter  cases,  seldom 
produced,  or  at  all  events,  in  insignificant  proportion. 

When  moist  vegetables  are  heaped  together  they  undergo,  in  warm 
weather,  a species  of  fermentation,  attended  by  the  evolution  of  heat  to 
such  an  extent  as  sometimes  to  excite  combustion,  and  therefore  indicative 
of  intense  chemical  action;  of  this,  a familiar  instance  is  afforded  in  the 
spontaneous  ignition  of  hay  which  has  been  stacked  in  a humid  state;  it 
heats,  smokes,  and  evolves  a peculiar  odour,  and  if  not  cooled  by  exposure 
to  air,  it  breaks  out  into  flame,  or  suffering  a slower  species  of  combustion, 
becomes  charred  and  decomposed. 

When  vegetables  putrefy  in  water,  it  frecjuently  happens  that  the 
process  is  accompanied  by  the  appearance  of  microscopic  animalcules , and 
the  death  and  decomposition  of  their  successive  generations,  affect  the 
products,  and  give  them,  in  some  instances,  more  or  less  of  an  animal 
character.  These  changes,  like  the  former,  are  much  affected  by  tem- 
perature and  other  circumstances.  In  stagnant  water  the  soluble  sub- 
stances of  the  vegetable  are  first  extracted,  and  the  infusions  thus 
produced  are  of  course  as  various  in  the  changes  which  they  undergo,  as 
in  the  nature  of  their  contents:  their  decay  is  sometimes  rapid  and 
offensive;  sometimes  the  water  acquires  a brown  colour,  and  a tendency 
to  mouldiness ; and  the  residuary  matters,  which  lie  at  the  bottom,  and 
are,  therefore,  out  of  the  reach  of  air,  are  very  slowly  disintegrated  and 
resolved  into  a black  mud,  in  which  carbon  is  predominant:  such  changes, 
however,  are  sometimes  so  tardy,  that  some  kinds  of  wood,  protected 
perhaps  by  resinous  and  other  less-perishable  products,  have  remained 
for  centuries  under  water,  and  have  retained  their  characteristic 
properties. 

The  influence  of  the  destructive  fermentation  or  putrefaction  of  various 
vegetable  substances  as  manures , has  already  been  mentioned  (p.  878)  ; 
and  under  the  head  of  Vegetable  Extract , I have  noticed  the  brown 
residue  of  the  gradual  decay  of  plants.  All  these  changes  deserve  to  be 
closely  investigated ; they  are  not  only  interesting  as  matters  of  abstract 
chemical  inquiry,  but  they  have  important  and  immediate  bearings  upon 
some  of  the  most  obscure  parts  of  geology;  those  which  relate  to  the 
destruction  of  the  forests  of  the  ancient  world,  to  the  changes  which  they 
have  successively  suffered  in  the  depths  of  the  ocean,  and  to  their  ultimate 
conversion  into  the  varieties  of  coal. 
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The  principal  ultimate  elements  of  animal  substances  are  the  same  as 
those  of  vegetables,  namely,  carbon,  hydrogen,  oxygen,  and  nitrogen ; 
but  nitrogen  is  more  generally  present,  and  sulphur  and  phosphorus  are 
more  commonly  superadded.  The  humidity  of  the  proximate  components, 
their  organization,  and  their  ultimate  composition  are  such,  as  in  many 
cases  to  render  them  extremely  prone  to  change,  after  the  loss  of  vitality ; 
and  the  very  circumstances  which  contribute  to  their  permanence  and 
stability  whilst  under  the  influence  of  life,  are,  apparently,  those  which 
after  death,  render  them  particularly  susceptible  of  decomposition.  The 
putrefaction  of  animal  substances  is  distinguished  from  that  of  most 
vegetables  by  the  nauseous  stench  which  attends  it,  partly  arising  from 
the  presence  of  sulphur  and  phosphorus  in  the  gaseous  products,  and 
partly  from  other  combinations,  with  the  exact  chemical  nature  of  which 
we  are  unacquainted. 

The  solids  of  animals  derive  their  soft,  flexible,  or  elastic  texture, 
partly  from  their  peculiar  retentive  power  in  regard  to  water  ; for,  though 
not  wet  or  moist,  in  the  common  acceptation  of  the  term,  they  some- 
times contain  four-fifths  their  weight  of  water,  part  of  which  may  be 
squeezed  out  or  dried  off,  when  they  become  hard,  brittle,  or  translucent, 
but  again  swell  up  and  regain  their  former  appearance  on  being  immersed 
in  water : this  desiccation,  however,  always  kills  the  part ; if  we  perhaps 
except  some  among  the  lower  orders  of  the  animal  creation,  which  are 
said  to  admit  of  being  dried,  and  again  revive  when  moistened.  Under 
this  view  of  the  subject,  therefore,  a living  animal  may  be  regarded  as  a 
mass  of  organized  matter,  softened  by  water,  probably  to  the  amount  of 
about  three-fourths  of  its  total  weight.  It  has  been  ascertained  that 
nothing  but  pure  water  gives  the  peculiar  flaccidity  and  softness  to  which 
I have  alluded : salt  water,  spirits,  oils,  and  all  other  liquids,  producing 
very  different  effects.  When  microscopically  examined,  these  soft  solids 
generally  appear  to  be  made  up  of  small  globular  particles,  of  the  nature 
of  which,  as  far  as  muscular  fibre  is  concerned,  we  shall  have  to  speak 
afterwards. 

When  animal  matter  is  subjected  to  destructive  distillation , ammonia 
is  a leading  product ; it  is  generally  more  or  less  saturated  by  carbonic, 
and  occasionally  by  other  acids,  and  often  in  the  state  of  solid  carbonate, 
or  dissolved  in  water  and  contaminated  by  empyreumatic  oil ; the  salt 
and  spirit  of  hartshorn  of  old  pharmacy,  are  products  of  this  description, 
and  the  same  are  afforded  by  common  bone,  provided  the  fat  has  been 
previously  separated ; for  animal,  like  vegetable  fat,  yields  distinct  pro- 
ducts, being  destitute  of  nitrogen.  The  empyreumatic  oil  formed  in 
these  processes,  and  often  termed  DippeVs  of  first  passes  over  of  a pale- 
yellow  colour ; it  gradually  becomes  darker  and  thicker ; but  when 
redistilled  with  water,  it  is  nearly  colourless,  of  a penetrating  odour,  and 
gradually  acquires  a brown  colour  by  exposure  to  air ; it  is  alkaline, 
soluble  in  alcohol,  inflamed  by  nitric  acid,  and  by  somewhat  diluted  nitric 
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acid  it  becomes  resinous  ; it  is  soluble  in  muriatic  acid,  and  precipitated 
by  sulphuric  and  nitric  acids  ; and  by  alkalis  in  an  altered  and  appa- 
rently resinous  state.  The  tar  associated  with  this  oil,  has  been  before 
noticed  as  a source  of  eupion,  (985.)  This,  and  the  oil,  have  been 
examined  by  Unvcrdorben,  who  has  found  in  them  no  less  than  four 
distinct  substances,  which  he  considers  as  salifiable  bases ; namely,  1 
odorin  (from  odor),  obtained  by  saturating  the  ammonia  in  the  rectified 
oil,  by  nitric  acid,  then  pouring  off  the  oil,  and  distilling  it  in  a water- 
bath  ; the  first  portion  which  passes  over  is  odorin  ; it  has  the  concen- 
trated odour  of  Dippel’s  oil , and  combines  with  the  acids,  forming 
peculiar  oily  salts ; it  also  forms  double  salts,  in  conjunction  with 
several  other  salifiable  bases.  2.  Animin , (from  animal ,)  is  contained  in 
the  oil  which  succeeds  the  odorin;  this,  washed  with  water,  saturated 
with  sulphuric  acid,  and  distilled,  leaves  animin ; it  is  an  oily  fluid, 
having  the  odour  of  purified  salt  of  hartshorn.  3.  Olanin,  (from  the 
first  syllables  of  oleum  animale ) remains  in  the  retort  after  the  odorin 
and  animin  have  distilled  over  ; when  washed  with  water,  it  resembles  a 
fat  oil ; and  when  exposed  to  air  it  becomes  brown,  and  is  converted  into 
fuscin.  4.  Ammolin,  (from  the  first  syllables  of  ammonia  and  oleum,) 
is  obtained  from  the  crude  or  unrectified  animal  oil.  Unverdorben  has 
also  described  another  salifiable  base,  which  he  obtains  from  animal 
empyreumatic  oil,  and  which,  as  it  forms  crystallizable  compounds  with 
the  acids,  he  has  termed  hryst  allin.  The  details  of  these  researches, 
which  are  complicated,  are  contained  in  Poggendorff’s  Journal,  (viii.  and 
xi.,)  and  abstracts  of  them  are  given  by  Berzelius  and  Gmelin ; it 
appears  probable,  that  some  of  the  supposed  educts,  are  produced  by  the 
various  processes  to  which  the  oil  is  submitted  for  their  separation ; 
those  who  are  engaged  in  researches  connected  with  this  subject,  must 
consult  the  original  papers. 

The  gaseous  products  of  the  destructive  distillation  of  animal  matter 
are  extremely  various,  and  easily  modified  in  quality  as  well  as  quantity, 
by  the  manner  in  which  the  process  has  been  conducted ; the  charcoal 
which  remains  after  the  separation  of  the  volatile  principles,  has  been 
already  repeatedly  noticed  as  peculiarly  adapted  to  the  removal  of  colour, 
odour,  and  taste,  from  various  solutions ; and  in  consequence  of  the  salts 
which  it  contains,  and  especially  the  phosphates,  it  resists  incineration, 
and  requires  particular  management  when  its  incombustible  contents  are 
to  be  separated. 

Putrefaction  and  Preservation  of  Animal  Matter.  The  pheno- 
mena of  animal  putrefaction  are  extremely  varied  and  complicated,  and 
are  easily  affected  by  extraneous  causes,  such  as  temperature,  air,  mois- 
ture, and  other  agents.  The  changes  which  are  thus  produced  in 
individual  parts  of  animals,  will  be  noticed  in  the  sequel,  but  a few 
general  observations  may  be  made  here,  in  reference  chiefly  to  circum- 
stances which  influence  or  modify  the  process. 

The  influence  of  temperature  is  commonly  known;  every  one  is 
acquainted  with  the  preservative  powers  of  cold;  and  when  animal 
matters  are  subjected  to  higher  temperatures  than  those  of  warm 
climates,  they  undergo  changes  which  do  not  come  within  the  meaning 
of  the  term  putrefaction.  The  greater  number  of  animal  substances  are 
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indefinitely  preserved  at  or  below  the  freezing-temperature,  and  when 
slowly  thawed,  they  generally  regain  their  original  characters ; it  is  in 
this  way  that  supplies  of  animal  food  are  kept  in  a fresh  state  in  many 
parts  of  the  north  of  Europe,  and  that  fish  is  preserved  for  the  London 
market ; a remarkable  instance  of  the  preservative  power  of  cold  was 
exhibited  in  the  ancient  elephant,  found  incased  in  a mass  of  ice,  at  the 
mouth  of  the  river  Lena,  in  Siberia. 

Moisture  is  another  essential  to  putrefaction ; when  flesh  is  carefully 
and  thoroughly  dried , either  by  a current  of  warm  and  dry  air,  or  by 
other  methods  which  do  not  alter  its  composition,  it  resists  decay ; it 
has  thus  occasionally  happened  that  corpses  have  been  preserved  by 
accidental  desiccation;  and  animal  substances  w^ich  are  either  naturally 
dry,  or  rendered  so  by  art,  retain  their  nutritive  powers,  and  resume  their 
former  appearance  when  cautiously  moistened.  The  various  forms  of 
gelatine,  whilst  kept  dry,  are  imperishable ; whilst  in  aqueous  solution,  or 
in  their  original  humid  state,  they  are  the  most  perishable  of  the  animal 
proximate  principles,  as  skin  and  the  varieties  of  tremulous  j elly  show. 

Air , or  at  least  oxygen , if  not  absolutely  essential  to,  is  a powerful 
promoter  of  putrefactive  changes,  and  under  certain  circumstances,  its 
exclusion,  indefinitely  retards  them*;  it  is  thus,  that  in  Appert’s  method 
of  preserving  animal  and  vegetable  food,  the  substances  are  hermetically 
sealed  in  tin  canisters,  and  then  par-boiled;  the  included  oxygen  becomes 
converted  into  carbonic  acid,  or  enters  into  other  combinations.  Oil, 
butter,  suet,  and  such  substances,  are  sometimes  similarly  effectual ; and 
potted  and  preserved  meats,  when  covered  with  a film  of  fatty  matter, 
itself  not  prone  to  change,  are  in  that  way  preserved  from  the  contact  of 
air.  The  manner  in  which  various  saline  substances,  and  especially 
common  salt,  act,  is  not  very  clearly  understood ; it  is  partly  by  desic- 
cation, or  abstraction  of  moisture,  and  by  a corrugating  power  over  the 
animal  fibre;  and  partly  by  the  production  of  new  compounds  arising 
out  of  the  neutral  action  of  the  salt  employed,  or  its  elements,  upon 
the  organic  matter : the  preservative  powers  of  corrosive  sublimate, 
sulphate  of  copper,  acetate  of  copper,  the  corresponding  salts  of  iron, 
and  very  many  other  similar  compounds,  are  of  the  same  description. 
These  antiputrefactives  are  generally  coagulators  of  albumen ; and  alcohol, 
kreosote,  and  some  of  the  dilute  acids,  have  the  same  power,  and  are 
effective  preservatives.  Among  vegetable  products,  the  various  forms  of 
tannin  act  apparently  by  direct  union  with  the  animal  fibre,  producing 
combinations  which  are  insoluble  in  water,  which  resist  the  joint  agency 
of  air,  heat,  and  moisture,  and  which  admit  of  desiccation.  Sugar, 
which  is  sometimes  employed  as  a substitute  for  salt,  acts  apparently  by 
its  affinity  for  water;  and  meat,  which  has  been  deprived  by  these  or 
other  means,  of  only  a part  of  its  water,  becomes  infinitely  less  suscep- 
tible of  putrefactive  changes.  The  ancient  Egyptians,  seem  to  have 


* Hence,  the  rapidity  of  putrefactive 
changes  in  pure  oxygen,  and  their 
retardation  in  gases  which  either  do  not 
contain  it,  or  in  which  it  is  held  by 
superior  attractive  power.  Even  under 
water,  when  oxygen  is  strictly  excluded, 
putrefaction  is  greatly  retarded  and 


modified  in  its  results.  Meat  immersed 
in  water  previously  boiled  to  expel  air, 
and  then  covered  by  a layer  of  oil,  to 
prevent  its  subsequent  absorption,  may 
long  be  kept  fresh  ; the  presence  of  iron- 
filings  and  of  sulphur  in  the  water, 
assist  in  this  species  of  preservation. 
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availed  themselves  of  almost  all  these  methods  of  preservation  in 
embalming  their  mummies,  as  appears  from  the  researches  of  Dr.  Gran- 
ville and  of  Mr.  Pettigrew,  in  reference  to  this  curious  subject. 

When  the  flesh  of  animals  is  subjected  to  the  action  of  running  water, 
it  is  occasionally  converted  into  a peculiar  fatty  matter,  which  has  been 
termed  adipocere  (from  adeps  and  cera  ;)  it  somewhat  resembles  sperma- 
ceti in  appearance,  and  was  supposed  to  partake  of  the  properties  of  fat 
and  wax.  In  the  year  1739,  Fourcroy  communicated  to  the  Royal  Aca- 
demy of  Sciences  at  Paris  a curious  account  of  the  changes  sustained  by 
the  human  bodies  interred  in  the  cemetery  of  the  Innocents  in  that  city  ; 
some  of  these  had  been  piled,  for  a succession  of  years,  closely  upon 
each  other,  in  large  cavities  containing  from  one  thousand  to  fifteen  hun- 
dred individuals.  One  of  these  graves,  opened  in  Fourcroy’s  presence, 
had  been  full,  and  closed  for  fifteen  years.  When  the  coffins  were 
opened,  the  bodies  appeared  shrunk  and  flattened,  and  the  soft  solids 
were  converted  into  a brittle  cheesy  matter,  which  softened  and  felt 
greasy  when  rubbed  between  the  fingers.  The  bones  were  brittle  ; and 
the  texture  of  the  abdominal  and  thoracic  viscera  no  longer  discernible, 
but  lumps  of  fatty  matter  occupied  their  places. 

It  is  not  uncommon  to  find  masses  of  this  adipocere  in  the  refuse  of 
dissecting-rooms,  especially  when  heaps  of  such  offal  are  thrown  into  pits 
and  wells,  and  suffered  gradually  to  decay.  The  carcasses  of  cats  and 
dogs,  and  other  drowned  animals,  also  often  exhibit  more  or  less  of  a 
similar  change;  and  Dr.  Gibbes  {Phil.  Trans .,  1794,)  found  that  lean 
beef,  secured  in  a running  stream,  underwent  a change  into  fat  in  the 
course  of  three  wreeks.  Fat,  and  the  adipose  parts  of  animals,  also 
undergo  a change  in  appearance  and  composition  under  similar  circum- 
stances : tallow  becomes  brittle  and  pulverulent,  and  may  be  rubbed  be- 
tween the  fingers  into  a white  soapy  powrder. 

Gay  Lussac,  Chevreul,  and  some  others,  conceive  that  muscular  fibre, 
skin,  &c.,  is  not  convertible  into  adipocere,  but  that  this  compound  re- 
sults entirely  from  the  fat  originally  present  in  the  substance,  and  that 
the  fibrin  is  completely  destroyed  by  putrefaction.  There  are  cases,  how- 
ever, in  which  the  conversion  of  muscle  and  of  fibrin  into  fat  can  scarcely 
be  doubted,  {Ann  of  Phil .,  xii.,  41,)  though  the  propriety  of  applying 
the  term  adipocere  to  such  fatty  matter  may  be  questionable.  The  action 
of  very  dilute  nitric  acid  upon  some  of  the  modifications  of  albumen  is 
also  attended  by  their  conversion  into  an  adipose  substance. 

The  chemical  properties  usually  ascribed  to  adipocere  are  the  follow- 
ing: it  fuses  at  a temperature  below  100°;  it  dissolves  in  boiling  alcohol, 
and  the  greater  portion  is  deposited  as  the  solution  cools ; the  action  of 
ether  resembles  that  of  alcohol  ; it  is  saponified  by  the  fixed  alkalis,  but 
not  by  ammonia.  It  would  appear,  however,  from  Chevreul’s  experi- 
ments, that  adipocere  is  not  a mere  modification  of  fat,  or  a simple  pro- 
duct, but  that  it  is  a soap  composed  of  margaric  acid  and  ammonia. 

Connected  with  the  putrefactive  changes  of  organic  matter  are  those 
extraordinary  products  of  death  and  of  disease  known  under  the  name 
of  infectious  and  contagious  matters  ; their  chemical  nature  is  quite  un- 
known, except  in  so  far  that  they  appear  to  possess  the  general  characters 
of  organic  compounds,  and  are  decomposed  and  resolved  into  harmless 
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products  by  certain  chemical  agents  ; amongst  which  heat,  chlorine,  and 
a few  of  the  gaseous  acids  are  commonly  resorted  to  for  the  purpose*. 
When  articles  of  clothing  or  of  merchandise  which  are  infected  with 
contagious  matter  are  exposed  for  some  time  to  a temperature  of  about 
220°,  they  become  disinfected,  especially  if  at  the  same  time  subjected  to 
a current  of  air.  Washing  in  soap  and  water,  boiling  or  steaming,  are 
equally  effective.  In  regard  to  fumigation,  chlorine  is  the  most  effective 
agent  ; the  mode  of  applying  it,  and  some  of  its  compounds,  in  these 
cases,  has  already  been  mentioned.  In  dissecting-rooms,  and  in  the  exa- 
mination of  dead  bodies,  too  much  care  and  attention  cannot  be  paid  to 
the  prevention  of  the  evil  consequences  to  which  various  forms  and  ap- 
plications of  infectious  and  contagious  products  give  rise.  Their  extraor- 
dinary power  of  exciting  various  and  dangerous  diseases,  either  by  pul- 
monary or  cuticular  absorption,  or  other  introduction  into  the  living 
system,  are  too  well  known,  but  of  their  modus  operandi  we  are  utterly 
ignorant;  sometimes  they  produce  anomalous  and  uncertain  effects;  at 
others  they  have  a tendency  to  create  poisons  in  the  living  system,  re- 
sembling themselves  ; the  inoculation  of  diseases,  as  of  the  small-pox, 
&c.,  is  a similar  case,  in  which  the  introduction  of  the  smallest  fraction 
of  a grain  of  poisonous  matter  excites  new  and  morbid  actions,  and  ter- 
minates in  the  throwing  off’  from  the  system  of  a poison  corresponding  in 
its  properties  with  that  from  which  it  was  derived  +.  The  theory  of  infec- 
tion and  contagion  is  mysterious  and  curious  in  the  extreme,  but  its  fur- 
ther consideration  would  be  foreign  to  this  work.  Of  another  matter 
also  connected  with  this  subject,  namely,  the  influence  and  production  of 
malaria , of  marsh-miasma , and  other  poisonous  exhalations  of  organic, 
but  principally  of  vegetable  origin,  we  are  equally  ignorant ; they  chiefly 
produce  that  extraordinary  disease,  the  ague,  or  intermittent  fever ; and 
their  nature  is  obscure  and  unintelligible. 


* In  times  of  plague  and  other  pesti- 
lence, the  vicinity  of  smelting-furnaces 
was  formerly  resorted  to  as  being  least 
liable  to  the  infectious  visitation  ; the 
sulphurous  and  other  acid  fumes  were 
doubtless  the  disinfectants.  In  such 
and  similar  situations,  in  chloride  of 
lime  manufactories,  and  in  other  chemi- 
cal works,  an  immunity  from  certain 
diseases  is  consequently  enjoyed,  though 
others  are  sometimes  engendered.  It 
seems  not  impossible  that  the  freedom 
which  London  enjoys  from  the  spread 
of  malignant  diseases  may,  in  part,  be 
ascribed  to  the  products  of  the  com- 
bustion of  coal,  which  always  taint  its 
atmosphere  ; the  drainage,  and  the  co- 
pious supply  of  water,  contribute,  how- 
ever, essentially  to  the  health  of  its  in- 
habitants, for  the  effluvia  from  the  offal 
of  large  cities,  if  not  speedily  and  effec- 
tively cleared  off,  is,  of  course,  produc- 
tive of  infinite  mischief ; even  in  Lon- 
don, the  construction  and  management 
of  the  sewers  requires  much  reform,  and 


were  it  not  for  the  water -companies,  their 
evils  would  be  more  evident. 

T Perhaps  one  of  the  most  remarkable 
properties  of  some  forms  of  infectious 
matter,  is  its  permanency ; retaining,  as 
is  frequently  the  case,  its  peculiar  pow- 
ers, for  an  indefinite  period.  Of  this,  the 
preservation  and  transmission  of  dried 
variolous  and  vaccine  matter  is  a familiar 
instance.  The  infection  of  scarlet  fever 
is  sometimes  retained  for  Aveeks  and 
months  by  articles  of  wearing-apparel; 
in  one  instance,  after  a malignant  form  of 
that  disease  had  prevailed  in  a house,  it 
was  fumigated  with  chlorine  and  white- 
washed, and  every  article  of  furniture 
and  clothing  cleansed  and  fumigated, 
Avith  the  exception  of  a handkerchief 
which  had  accidentally  been  overlooked, 
and  to  which  the  appearance  of  the 
disease  after  a period  of  tAvo  months,  was 
probably  attributable.  Blankets  and 
Avoollen  goods  seem  especially  retentive 
I of  such  poisons,  and  in  all  doubtful  cases 
should  be  burned. 
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§ I.  OF  THE  BLOOD. 


In  tlie  higher  orders  of  animals,  the  blood  is  of  a red  colour ; florid,  and 
approaching  to  scarlet  in  the  arteries,  and  deep  purple  in  the  veins.  The 
specific  gravity  of  the  blood  varies  between  1.050  and  1.070,  and  its 
temperature  in  the  healthy  human  body  is  about  98°  or  100°.  It  has  an 
unctuous  or  somewhat  soapy  feel,  a slightly-nauseous  odour,  and  saline 
taste.  It  appears  homogeneous,  or  uniform,  whilst  circulating  in  its  ves- 
sels, or  immediately  upon  its  removal  from  them  ; hut  when  examined 
by  a microscope,  it  is  seen  to  consist  of  numerous  red  spherical  particles 
floating  about  in  a colourless  transparent  fluid ; the  former  have  been 
termed  the  red  globules *,  the  latter  the  serous  portion , or  liquor  sanguinis. 
The  accounts  given  by  microscopical  observers  of  the  appearance  and 
characters  of  the  red  globules  vary ; they  seem  to  consist  of  a central  or 
colourless  nucleus,  enveloped  in  a film  of  colouring-matter,  the  former 
insoluble,  the  latter  soluble  in  water ; they  are  said  to  he  spherical  in 
mammiferous  animals,  and  elliptical  in  birds  and  reptiles ; but  upon  this 
subject  I must  refer  to  physiological  authorities,  and  especially  to  the 
observations  of  Mr.  Bauer  detailed  and  illustrated  in  Sir  E.  Home’s 
“ Lectures  on  Comparative  Anatomy.” 

Under  ordinary  circumstances,  the  blood,  soon  after  it  has  been  drawn 
from  its  vessels,  gelatinises  or  coagulates , and  the  jelly,  or  coagulum,  gra- 
dually separates  into  two  parts  : a liquid  serum , and  a soft  clot  or  crassa- 
mentum.  In  the  act  of  coagulation,  the  globules  apparently  coalesce  and 
throw  off  the  colouring-matter,  which  is  generally  diffused  equably 
through  the  crassamentum  so  as  to  give  it  an  uniform  red  colour  ; some- 
times, however,  it  subsides,  leaving  a stratum  of  colourless  coagulum, 
which,  in  inflammatory  disorders,  is  called  the  huffy  coat  of  the  blood. 

It  is  stated  that  blood,  if  rapidly  frozen  before  it  has  time  to  coagu- 
late, may  be  retained  for  an  indefinite  time  in  the  frozen  state,  but  that 
when  thawed,  it  first  liquefies,  and  then  coagulates  as  usual ; the  coagu- 
lation is,  at  all  events,  much  interfered  with  by  temperature.  Blood 
drawn  from  a vein  in  the  arm  at  the  temperature  of  53°,  coagulates  in 
4.5  minutes  ; at  98°,  in  2.5  minutes  ; at  120°  in  1 minute.  Blood  which 
coagulates  in  5 minutes  at  60°,  remains  fluid  for  20  minutes  at  40°,  and 
requires  60  minutes  for  complete  coagulation  at  that  temperature. 
(Scudamore  ora  the  Blood.)  When  blood  is  received  into  a close  vessel, 
its  coagulation  is  somewhat  retarded  ; it  is  accelerated  in  the  exhausted 
receiver  of  the  air-pump.  When  drawn  in  a full  stream,  it  coagulates 
more  perfectly  and  more  rapidly  than  when  in  a very  small  stream.  It 
appears  probable  that,  in  the  act  of  coagulation,  the  temperature  of  the 
blood  is  very  slightly  increased,  consistently  with  the  laws  of  latent  heat. 
These  are,  I believe,  the  principal  facts  which  have  been  ascertained 
upon  this  subject ; they  throw  no  light  upon  the  cause  of  the  coagula- 


* It  was  supposed  that  the  colouring 
globules  were  inherently  red  and  soluble 
in  water,  but  it  has  been  shown  by  Dr. 
Young,  that  the  effect  of  water  is  to  dis- 
solve the  colouring-matter  only,  leaving 
the  globule  colourless  \ in  this  state  the 


globular  particles  appear  to  have  the 
properties  of  albumen.  The  diameter 
of  the  globules  in  human  blood  varies 
from  to  3500  of  an  inch.  ( Tie- 

marks  on  Blood  and  Pus,  in  Dr.  Young’s 
Medical  Literature  ) 


BLOOD. 


1137 


tion*.  The  ratio  which  the  clot  bears  to  the  serum  is  variable,  and 
partly  dependent  upon  the  shape  of  the  vessel  in  which  the  blood  is  con- 
tained ; “ Two  portions  of  blood  were  drawn  from  the  same  person,  one 
being  received  and  allowed  to  coagulate  in  a pear-shaped  bottle,  and  the 
other  in  a pint  basin;  and  the  ratio  of  serum  to  clot  was  as  1000  to 
1292  in  the  former,  and  as  1000  to  1717  in  the  latter.  In  fact,  when  a 
mass  of  coagulating  blood  is  contained  in  a spherical  vessel,  the  particles 
of  fibrin,  being  little  removed  from  a common  centre,  are  more  power- 
fully attracted  towards  each  other,  yield  a denser  clot,  and  squeeze  but 
more  serum  than  when  the  coagulation  takes  place  in  a shallow  wide 
basin,  where  the  particles  are  spread  over  a large  surface  ; the  clot  of  the 
former  is  compact  and  small ; while  that  of  the  latter,  being  spongy,  and 
hence  retaining  much  serum  within  it,  is  large  and  abundant,  though  the 
actual  quantity  of  solid  matter  is  the  same  in  both.”  (Dr.  B.  Babington, 
as  quoted  by  Dr.  Turner.) 

The  spontaneous  coagulation  of  the  blood,  and  its  resolution  into 
serum  and  coagulum,  forms,  as  it  were,  a step  towards  its  analysis,  and 
naturally  leads  to  the  separate  examination  of  these,  its  apparent  proxi- 
mate components. 

Serum  of  the  Blood.  This  is  the  pale,  straw-coloured,  or  greenish- 
yellow  liquid,  which  gradually  oozes  out  of  the  cruor  or  crassamentum  ; 
it  feels  soapy,  and  has  a saline  taste,  and  a specific  gravity  — 1.027  to 
1.030  at  50°.  It  usually  constitutes  about  three-fourths  of  the  blood, 
the  pressed  coagulum  forming  about  one- fourth  ; it  is  alkaline  to  tests, 
slowly  reddening  turmeric,  and  rendering  the  blue  of  violets  green  ; the 
readiest  test  of  its  alkalinity  is  litmus-paper  reddened  by  acetic  acid ; to 
this  it  immediately  restores  the  blue  colour.  When  the  serum  is  heated 
to  about  150°,  it  becomes  a soft  solid,  coagulating  into  a translucent  mass, 
which,  upon  the  continuance  of  heat,  becomes  more  opaque,  and  gives 
out  a small  quantity  of  a yellowish  alkaline  liquid,  which  has  been 
termed  serosity ; this  characteristic  property  is  due  to  the  presence  of 
albumen , the  most  important  proximate  animal  principle ; the  serum  also 
contains  a small  but  variable  portion  of  fat,  and  of  saline  substances. 

Marcet  and  Berzelius  have  each  given  an  analysis  of  the  serum  of 
human  blood:  the  following  are  their  results.  ( Medico- Chirurgical 
Transactions , vol.  ii. ; Annals  of  Philosophy , vol.  ii.) 

Marcet. 

Water 900. 

Albumen 86.8 

Muriates  of  potassa  and  soda  6.6 
Muco-extractive  matter  . . 4.0 

Carbonate  of  soda  ....  1.65 

Sulphate  of  potassa  ...  0.35 

Earthy  phosphates  . . . 0.60 

fooo. 


Berzelius 

Water 905.0 

Albumen 80.0 

Muriates  of  potassa  and  soda  6.0 

Lactate  of  soda,  with  animal)  . 
matter  ........  f 4'° 

Soda  and  phosphate  of  soda  with  1 . . 

ditto f 

Loss 0.9 


* The  cause  of  the  coagulation  of  the 
blood  is  unexplained  ; it  is  true  that  it 
apparently  consists  in  the  aggregation 
of  its  globules,  but  we  are  ignorant  of 
what  it  is  which  prevents  this  effect  in 
one  case  and  promotes  it  in  another ; 
why  the  blood  remains  fluid  whilst  cir- 


culating, and  under  other  circumstances ; 
and  why  it  occasionally  coagulates,  when 
required  so  to  do , as  in  haemorrhage,  to 
plug  up  the  bleeding  vessel,  &c.  We 
have  no  proof  that  the  blood  either 
receives  or  emits  anything  essential  to 
its  coagulation. 
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Albumen.  This  substance,  which  is  the  leading  ingredient  of  the 
blood,  occurs  in  two  states,  liquid  and  solid ; in  the  former  state  it  is 
contained  in  the  serum,  and  in  many  of  the  secretions ; in  the  latter  it 
constitutes  a part  of  the  crassamentum,  and  of  almost  all  the  solids  of 
the  animal  fabric,  such  as  muscle,  bone,  cartilage,  tendon,  ligament,  and 
membrane  ; it  is  presented  to  us,  in  considerable  purity,  in  the  white  of 
egg,  whence  the  generic  term,  albumen , and  it  is  from  this  source,  and 
from  the  serum  of  the  blood,  that  we  chiefly  obtain  it  for  the  purposes 
of  experiment.  I shall  here  describe  the  leading  properties  of  albumen; 
and  afterwards  refer  to  its  principal  modifications. 

The  white  of  egg  may  be  regarded  as  a combination  of  albumen  with 
water;  it  contains  small  quantities  of  saline  substances,  which  are  inse- 
parable in  its  liquid  state.  When  it  is  evaporated  at  a temperature  below 
120°,  it  dries  into  a brittle,  shining,  transparent  substance,  of  a pale- 
yellow  colour,  inodorous  and  tasteless.  Its  ultimate  constituents,  exclu- 
sive of  saline  matters  and  a trace  of  sulphur,  are  carbon,  hydrogen, 
nitrogen,  and  oxygen ; of  these  the  relative  proportions  have  been  deter- 
mined by  Gay  Lussac  and  Thenard,  who  analyzed  the  white  of  egg  dried 
at  212°;  and  by  Dr.  Prout,  who  employed  the  dried  serum  of  slightly- 
inflammatory  blood ; the  following  table  shows  its  theoretical  composition 
as  contrasted  with  the  experimental  results: 

Gay-Lussac.  Prout. 


Carbon  . . 

. . 8 . . 

48 

. . 51.61 

. . 52.883 

. . 50.00 

Hydrogen  . 

. . 7 . . 

7 

7.53 

. . 7.540 

. . 7-78 

Nitrogen  . 

1 

e • i * • 

14 

. . 15.05 

. . 15.705 

. . 15.55 

Oxygen 

. . 3 . . 

24 

. . 25.81 

. . 23.872 

. . 26.67 

Albumen  . 

* . 1 

93 

100.00 

100.000 

100.00 

White  of  egg,  when  heated  to  about  150°,  coagulates , that  is,  becomes 
a white,  translucent,  and  somewhat  elastic  substance,  which,  when 
cautiously  dried,  shrinks  up  and  assumes  the  appearance  of  horn, . be- 
coming tough,  yellowish,  and  insoluble  in  water.  Two  parts  of  white  of 
egg  and  one  of  water  entirely  coagulate  when  duly  heated;  equal  parts 
remain,  under  the  same  circumstances,  semi-fluid ; a mixture  of  one  part 
of  white  of  egg  and  ten  of  water  becomes  opaque,  but  is  not  coagulated ; 
and  a milkiness  is  perceptible  when  the  albumen  only  forms  a thousandth 
part  of  the  solution.  (Bostock,  Nicholson  s Journal , xiv.,  and  Med.  Chir. 
Trans.,  i.  and  ii.)  Fresh-laid  eggs,  and  those  which  have  been  oiled 
upon  the  surface,  do  not  perfectly  coagulate  when  put  into  boiling  water, 
in  consequence,  probably,  of  the  dilute  state  of  the  albumen.  One  hundred 
parts  of  the  fresh  albumen  of  the  egg,  when  carefully  evaporated  in  vacuo, 
leave  a residue  ==  fifteen  parts.  One  hundred  parts  of  the  coagulated 
white  of  a duck’s  egg  (dried  in  vacuo  with  sulphuric  acid)  leave  13.65 
parts,  which,  steeped  in  water,  acquires  its  original  appearance,  but  in 
four  days  only  took  up  68  of  water,  though  it  had  lost  86.35.  (Chevreul, 
Mem  du  Museum , vii.,  180 ; Ann.  de  Chun,  et  Phys.,  xix.,  46.) 

When  liquid  albumen  is  made  part  of  the  voltaic  circuit,  it  presents 
appearances  dependent  upon  the  power  used,  which,  when  considerable, 
excites  so  much  heat  as  to  coagulate  it;  but  with  a feeble  power  and  the 
poles  sufficiently  distant,  coagulation  ensues  most  plentifully  at  the 
negative  platinum-wire  ; a coagulum  also  forms  at  the  positive  wire. 
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where  acid  is  sparingly  evolved.  These  phenomena  are  much  interfered 
with  by  the  evolution  of  gases  at  the  respective  poles,  which  occasion  a 
froth,  and  the  appearance  of  more  extensive  coagulation  than  actually 
occurs.  (Brande,  Phil.  Trans.) 

IVhen  coagulated  white  of  egg  is  boiled  for  several  hours,  it  shrinks 
up  and  becomes  hardened,  communicating  traces  of  animal  matter  to  the 
water.  Heated  by  high-pressure  steam  in  a copper  digester  to  400°,  it 
blackens  the  interior  of  the  vessel,  and  dissolves,  leaving  a small  residue 
of  unaltered  albumen.  The  solution  is  brown,  and  has  the  odour  of 
boiled  meat  (from  osmazome?).  This  action  deserves  further  investiga- 
tion.  (Ginelin,  Ilandbuch  der  Theoretischen  Chemie , ii.,  1053.  3rd  ed., 
Frankfort,  1827.) 

White  of  egg  soon  runs  into  putrefaction,  and  evolves  sulphuretted 
hydrogen.  The  serum  of  blood  kept  for  two  years  in  a well-stopped  phial, 
blackened  its  interior,  and  became  a stinking,  pale,  yellow  liquid,  still 
coagulable  by  heat,  and  containing  hyclrosulpliate,  carbonate,  and  acetate 
of  ammonia,  and  a fetid  volatile  matter ; a portion  of  yellowish- white 
purulent-looking  matter,  containing  undecomposed  albumen,  remained  at 
the  bottom  of  the  phial.  Coagulated  white  of  egg,  even  under  water, 
long  resists  putrefaction. 

One  hundred  parts  of  dried  white  of  egg,  subjected  to  destructive 
distillation,  yielded  carbonic  acid,  carburetted  and  sulphuretted  hydrogen, 
prussic  acid,  carbonate  of  ammonia,  partly  in  solution  and  partly  sublimed, 
stinking  volatile  oil,  and  14.9  of  spongy  difficultly-combustible  charcoal, 
which,  by  incineration,  left  2.21  of  ash,  composed  of  carbonate  of  soda, 
phosphate  of  soda,  and  phosphate  of  lime.  (Hatchett.) 

Nitric  acid,  dropped  into  a solution  of  albumen,  forms  a white,  flaky 
precipitate,  which  is  more  or  less  abundant  according  to  the  state  of 
dilution  of  the  solution,  and  which  is  soluble  in  ammonia  and  potassa. 
When  coagulated  white  of  egg  is  kept  for  some  weeks  in  very  dilute 
nitric  acid,  it  acquires  a yellow  colour,  and  if  digested  in  boiling  water  it 
dissolves,  and  has  acquired  the  properties  of  gelatine,  and  is  precipitated 
by  tan  and  muriate  of  tin.  (Hatchett,  Phil.  Trans.,  1799.)  Cold  nitric 
acid,  specific  gravity  1.25,  gradually  tinges  coagulated  white  of  egg  of  a 
yellow  colour,  dissolving  a little  of  it,  and  forming  malic  acid,  with  the 
evolution  of  nitrogen;  its  surface  becomes  tallowy,  and,  in  twenty-four 
hours,  it  falls  into  a pale-yellow  powder,  which  is  acid,  and  composed  of 
nitric,  nitrous,  and  malic  acids,  with  albumen;  when  thoroughly  washed 
with  water,  it  becomes  more  neutral,  and  of  an  orange-colour,  still 
reddening  litmus,  and  remaining  insoluble  in  water,  but  soluble  in  caustic 
potash.  (Berzelius,  Lehrbuch , p.  38 ; Wohler  s Translation,  Dresden, 
1831.)  When  coagulated  white  of  egg  is  digested  in  hot  nitric  acid, 
nitrogen,  nitrous  gas,  carbonic  acid,  and  prussic  acid  are  formed,  and  a 
dark-yellow  solution  obtained,  which  is  precipitated  by  the  addition  of 
water  and  ammonia,  and  which  contains  malic  and  oxalic  acids,  bitter 
matter,  and  fat.  (Hatchett,  Phil.  Trans.,  1799.) 

Sulphuric  acid  is  a less  powerful  precipitant  of  albumen  than  nitric 
acid.  Dilute  sulphuric  acid,  dropped  into  an  aqueous  solution  of 
albumen,  occasions  a precipitate  which  is  soluble  in  excess  of  acid;  fer- 
rocyanuret  of  potassium  throws  it  down.  When  coagulated  albumen  is 
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digested  in  sulphuric  acid,  very  slightly  diluted,  it  yields  a deep-crimson 
solution*.  Coagulated  serum,  digested  in  sulphuric  acid,  diluted  with 
six  parts  of  water,  converts  it  into  acid  sulphate  of  albumen , which,  when 
edulcorated  with  cold  water,  becomes  more  neutral,  and  is  soluble  in  warm 
water,  forming  a gelatinous  solution,  which  is  precipitated  by  sulphuric, 
muriatic,  and  nitric  acids,  and  by  the  alkalis.  (Berzelius,  Lehrhuck.) 
Coagulated  white  of  egg,  digested  in  hot  sulphuric  acid,  becomes  car- 
bonized without  forming  artificial  tan.  (Hatchett.) 

"When  a solution  of  recently-fused  phosphoric  acid  (pyrophosphoric 
acid)  is  added  to  a solution  of  albumen,  it  occasions  an  abundant  preci- 
pitate: the  acid  gradually  loses  this  property,  and  again  acquires  it  by 
fusion  and  ignition.  (Berzelius.) 

Muriatic  acid  occasions  a precipitate  in  albuminous  solutions,  and 
entirely  throws  down  the  albumen  when  aided  by  heat:  but  the  precipi- 
tate is  soluble  in  excess  of  acid,  and  in  ammonia  and  potassa.  A muriated 
albumen  may  be  formed  in  the  same  way  as  the  sulphate.  (Berzelius.) 
Coagulated  egg-albumen,  digested  in  muriatic  acid,  gradually  acquires  a 
purple  colour.  (Hatchett.)  Albumen,  which  has  been  precipitated  by  muri- 
atic acid,  often  becomes  reddish  when  collected  and  exposed  upon  a filter. 

When  coagulated  seralbumen  is  digested  in  acetic  acid,  it  becomes  soft 
and  transparent,  and,  aided  by  a gentle  heat,  dissolves  with  the  evolution 
of  a little  nitrogen.  This  solution  is  precipitated  by  the  alkalis,  but  a 
slight  excess  again  renders  it  clear:  it  is  also  precipitated  by  sulphuric, 
nitric,  and  muriatic  acids,  and  by  ferrocyanuret  of  potassium.  When 
this  acetic  solution  of  albumen  is  evaporated,  it  leaves  a transparent  sour 
residue,  soluble  in  warm  water  acidulated  by  acetic  acid.  (Berzelius.) 

Albumen  is  slowly  soluble  in  liquid  ammonia.  In  solution  of  potassa 
it  becomes  gelatinous,  and  yields  a pale  yellow-green  solution,  preci- 
pitable  by  acids  and  alcohol,  and  by  acetic  acid.  Heated  in  liquid 
potassa,  albumen  evolves  ammonia. 

Alcohol  and  ether  coagulate  ovalbumen,  but  pure  ether  (free  from 
alcohol)  does  not  coagulate  seralbumen.  When  serum  is  shaken  with 
ether,  it  soon  separates  upon  the  surface,  holding  fatty  matter  in  solution. 
(Gmelin.)  Coagulated  serum,  digested  in  alcohol  or  ether,  yields  a 
solution  of  fatty  matter. 

Coagulated  ovalbumen,  when  long  boiled  in  water,  becomes  bulky 
and  falls  into  pieces,  and  a small  portion  is  dissolved:  the  filtered  solu- 
tion, evaporated  at  212°,  leaves  a pale-brown  film,  and  is  alkaline;  it  is 
rendered  turbid  by  mineral  acids,  acetic  acid,  and  tincture  of  galls,  and 
by  many  metallic  salts. 

When  albumen,  which  has  been  cautiously  dried  at  a low  tempera- 
ture (without  coagulation),  is  triturated  with  four  parts  of  water,  it  yields 
a solution  resembling  fresh  albumen. 

A solution  of  the  white  of  an  egg  in  a pint  of  water  occasions  no 
precipitate  in  lime,  baryta,  or  strontia  water,  nor  in  solution  of  sulphate 
of  lime.  Some  of  the  neutral  salts  render  it  more  or  less  turbid,  and  it 
is  copiously  precipitated  by  solution  of  alum.  Nitrate,  acetate,  and  sub- 

* According  to  Raspail,  when  sugar  J which  is  deeper  in  proportion  as  the  acid 
is  previously  dissolved  in  the  sulphuric  and  sugar  are  in  greater  quantity, 
acid,  the  albumen  is  coloured  purple, 


BLOOD. 


1141 


acetate  of  lead  are  precipitated  by  albuminous  solution*.  One  part  of 
fresh  ovalbumen  in  2000  of  water,  or  one  of  dried  albumen  in  10,000  of 
water,  is  rendered  turbid  by  subacetate  of  lead.  A four-hundredth  part 
of  liquid,  or  a two-thousandth  of  solid  albumen,  is  precipitable  by  corro- 
sive sublimate.  (Bostock.)  The  precipitate  is  blackened  by  potassa,  and 
is  probably  a compound  of  muriate  of  albumen  and  calomel.  Nitrate  of 
silver,  muriate  of  gold,  and  of  platinum,  also  precipitate  albuminous 
solutions.  These  precipitates  are  mostly  triple  compounds  of  acid, 
albumen,  and  oxide,  and  several  of  them  are  redissoluble  in  excess  of 
liquid  albumen. 

Albumen  is  precipitated  by  tannin  in  the  form  of  a yellow  viscid 
combination.  Water,  holding  a thousandth  part  of  solid,  or  a two- 
hundredth  of  liquid,  ovalbumen,  becomes  turbid  after  some  hours  by  the 
addition  of  a solution  of  galls  containing  2.5  per  cent,  of  solid  matter. 
(Bostock.) 

The  above  are  the  principal  chemical  properties  of  liquid  and  solid 
albumen,  as  obtained  from  the  egg  and  from  serum  of  blood;  several  of 
their  modifications  will  be  noticed  under  other  heads,  such  as  Fibrine, 
Milk,  Bile,  &c. 

’The  cause  of  the  coagulation  of  albumen  is,  in  many  cases,  obscure 
and  even  inexplicable.  It  appears  possible  that  the  acids  by  which  it  is 
coagulated  enter  into  combination  with  it,  so  as  to  form  insoluble  com- 
pounds; the  same  change  probably  happens  with  certain  metallic  salts, 
and  with  tan ; its  coagulation  by  alcohol  has  been  ascribed  to  the  abstrac- 
tion of  water.  Having  remarked  the  copious  coagulation  of  albumen  at 
the  electro-negative  pole  in  the  voltaic  circuit,  I was  induced  to  ascribe 
the  fluidity  of  albumen  to  combined  soda,  the  evolution  of  which  seemed 
to  cause  its  solidification;  and  it  appeared  possible  that  the  acids,  and 
even  alcohol,  might  also  occasion  coagulation  by  the  abstraction  of  soda; 
and  that  its  more  enigmatical  coagulation  by  heat  only,  might  be  ascribed 
to  the  transfer  of  soda  from  the  albumen  to  the  water.  It  has  been 
objected  to  this  statement  that  the  addition  of  alkali  to  coagulated  albumen 
does  not  reproduce  liquid  albumen,  and  that  acetic  acid  causes  no  coagu- 
lation ; but  when  albumen  is  once  coagulated,  its  properties  are  essentially 
modified,  and  acetic  acid,  or  even  acetate  of  soda,  appear  to  form  soluble 
compounds  with  it.  (Gmelin.)  Dr.  Turner  ( Elements  of  Chemistry ) 
supposes  that  albumen  combines  directly  with  water  at  the  moment  of 
being  secreted,  at  a time  when  its  particles  are  in  a state  of  minute 
division;  but  as  its  affinity  for  that  liquid  is  very  feeble,  the  compound 
is  decomposed  by  slight  causes,  and  the  albumen  thereby  rendered  quite 
insoluble.  The  organization  of  albumen  may  certainly  be  concerned  in 
its  singular  properties  with  respect  to  many  coagulants : there  are  several 
albuminous  fluids,  which  we  shall  hereafter  refer  to,  which  contain  globules 
resembling  those  of  the  blood.  In  the  voltaic  coagulation  of  albumen, 
that  which  separates  at  the  positive  pole  contains  globules,  which,  under 
the  microscope,  resemble  the  blood-globules  deprived  of  their  colouring- 
matter.  (Prevost  and  Dumas,  Ann.  de  Chim.  et  Phys .,  xxiii.,  52.) 

The  readiest  tests  of  the  presence  of  albumen  in  fluids  are  its  coagu- 
lation by  heat,  alcohol,  and  acids ; when  it  is  too  dilute  for  such  detection, 
it  may  be  subjected  to  voltaic  electricity,  or  tested  by  corrosive  sublimate. 
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or  by  ferrocyanuret  of  potassium ; tbe  alkali  sliould,  in  tlie  latter  case,  be 
previously  neutralized  by  acetic  acid.  It  would  appear,  from  Orfila’s 
experiments,  that  white  of  egg  is  an  antidote  to  the  effects  of  corrosive 
sublimate  when  taken  into  the  stomach,  and  that,  if  administered  in 
sufficient  quantity  immediately  after  the  reception  of  the  poison,  it  pre- 
vents the  progress  of  the  symptoms.  The  white  of  one  egg  appeared 
sufficient  to  render  four  grains  of  the  poison  ineffective. 

The  readiness  with  which  some  metallic  oxides  are  received  into  the 
system  may  perhaps  be  ascribed  to  their  affinity  for  albumen,  with  which 
some  of  them  form  compounds  not  easily  decomposable,  and  in  which  the 
metallic  oxide  cannot  be  detected  by  the  usual  tests,  till  they  have  been 
subjected  to  heat  sufficient  to  decompose  the  organic  matter.  Mercury 
and  silver  are  thus,  in  certain  cases,  detected  in  the  secretions  and 
excretions. 

Crassamentum.  Coagulum.  These  terms  are  applied  to  that  part 
of  the  blood  which  spontaneously  coagulates,  and  gradually  contracts  into 
a more  or  less  dense  mass.  When  cautiously  removed  from  the  serum 
in  which  it  is  immersed,  and  of  which  it  always  retains  a considerable 
proportion,  it  may  be  regarded  as  principally  consisting  of  Jibrin  and 
colouring-matter . 

Fibrin.  This  substance  may  be  separated  from  the  serum  and 
colouring-matter,  by  washing  it  in  repeated  portions  of  cold  water ; or 
by  stirring  recently-drawn  blood  with  a stick,  by  which  the  coagulum 
will  adhere  to  it,  and  it  may  then  be  conveniently  washed  in  running 
water,  till  the  serum  and  colour  are  extracted,  and  the  fibrin  remains  in 
the  form  of  a nearly  colourless  and  fibrous  substance,  insoluble  in  cold 
water.  Berzelius  obtains  fibrin  by  cutting  the  clot  of  blood  into  thin 
slices,  drying  them  upon  folds  of  blotting-paper  to  absorb  the  serum,  and 
then  washing  with  water  till  all  soluble  matters  are  extracted.  The 
fibrin,  however,  still  retains  a little  fat,  for  the  removal  of  which  it  must 
be  digested  in  ether,  or  in  warm  anhydrous  alcohol. 

Another  mode  of  obtaining  pure  fibrin  sometimes  presents  itself, 
which  consists  in  removing  the  colourless  layer  which  is  occasionally 
observed  upon  blood  drawn  in  inflammatory  diseases,  and  termed  the 
huffy -coat ; when  this  is  washed,  digested  in  alcohol  or  ether,  and  dried, 
it  may  be  considered  as  nearly  pure  fibrin : this  substance  appears  to  be 
identical  with  the  part  of  blood  termed  coagulable  lymph. 

When  fibrin  is  obtained  by  any  of  these  means,  it  retains  about  three- 
fourths  of  its  weight  of  water,  which  it  loses  by  careful  drying,  and 
shrinks  up  into  a translucent  tough  substance,  very  like  horn ; if  its  fat 
has  not  been  separated,  it  is  nearly  transparent.  When  immersed  in 
water  it  regains  its  original  weight  and  softness ; it  has  no  smell  or  taste ; 
when  highly  heated,  it  fuses,  puffs  up,  burns,  and  leaves  a spongy,  shining 
coal.  By  destructive  distillation  it  yields  the  usual  products  of  azotised 
substances : the  residuary  coal  is  of  difficult  incineration,  and  amounts 
to  about  two-thirds  per  cent,  of  the  weight  of  the  original  fibrin  : the 
ash  consists  of  phosphate  of  lime,  a little  phosphate  of  magnesia,  and 
traces  of  iron  and  silica.  The  coal  of  the  blood  of  the  ox  is  more  difficultly 
incinerated  than  that  of  human  blood,  in  consequence  of  its  containing 
more  phosphate  of  lime. 
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Dried  fibrin  is  insoluble  in  cold  and  in  hot  water,  but,  if  long  boiled, 
it  shrinks,  hardens,  and  becomes  pulverulent ; when  the  decoction  is 
evaporated,  it  leaves  a brittle  yellow  substance,  of  an  agreeable  flavour, 
and  soluble  in  water ; its  solution  is  precipitated  by  infusion  of  galls,  but 
it  has  not  the  other  characters  of  gelatine ; it  has  been  termed  animal 
extractive , and  seems  closely  to  resemble  the  substance  which  has  been 
designated  osmazome. 

When  fibrin  is  acted  on  by  acids  and  by  alkalis,  it  sometimes  appears 
to  perform  the  part  of  a base,  and  sometimes  that  of  an  acid.  In  sulphuric 
acid  it  swells  up  to  a yellow  jelly,  but  does  not  dissolve  ; heat  is  given 
out,  and  if  the  temperature  is  not  kept  down,  the  mixture  chars  and 
evolves  sulphurous  acid,  but  if  kept  cold,  no  such  decomposition  ensues. 
In  water  the  jelly  shrinks  up,  and  when  washed  so  as  to  get  rid  of  excess 
of  acid,  it  dissolves  in  water  and  forms  a solution,  from  which  sulphuric 
acid  again  throws  it  down  in  its  gelatinous  form ; there  appears  there- 
fore to  be  a neutral  and  soluble,  and  an  acid  and  insoluble  sulphate  of 
fibrin.  If  the  colouring-matter  has  not  been  entirely  abstracted  these 
solutions  are  red*. 

Cold  nitric  acid  forms,  with  fibrin,  a gelatinous  combination,  re- 
sembling the  sulphate ; further  digestion  in  the  acid  renders  it  yellow, 
and  it  then  appears  to  be  a compound  of  fibrin  with  nitric  and  malic 
acids. 

Phosphoric  acid,  recently  ignited  and  dissolved,  acts  upon  fibrin  like 
sulphuric  acid,  but  if  the  acid  has  been  kept  in  solution  for  eight  or  ten 
days  the  fibrin  swells  up  in  it  into  a soluble  jelly,  which  is  not  thrown 
down  by  excess  of  the  acid. 

Acetic  acid  converts  fibrin  into  a substance,  soluble  in  warm  water, 
and  yielding  a gelatinous  mass  on  evaporation,  differing  from  gelatin. 
Evaporated  to  dryness,  the  fibrin  remains  opaque  and  insoluble.  The 
other  acids  added  to  this  acetic  solution,  throw  down  precipitates  which 
are  compounds  of  fibrin  and  of  the  added  acid.  Caustic  alkali  precipitates 
the  fibrin,  and  if  added  in  excess,  redissolves  the  precipitate. 

Muriatic  acid  gelatinises  dry  fibrin,  and  then  dissolves  it  into  a blue 
liquid,  or  purple,  if  not  previously  freed  from  colouring-matter.  No  gas 
is  evolved,  and  the  solution,  when  diluted  with  water,  lets  fall  a white 
precipitate  which  is  a neutral  muriate  of  fibrin , and  has  the  general 
properties  of  the  neutral  sulphate  : the  remaining  liquid  retains  its  blue 
colour ; saturated  with  ammonia,  the  colour  disappears,  and  excess  of 
ammonia  renders  it  yellow : the  blue  colour,  therefore,  probably  depends 
upon  a new  product. 

Digested  upon  moist  fibrin  muriatic  acid  does  not  dissolve,  but  com- 
bines with  it  into  the  neutral  muriate.  Boiled  in  the  acid,  it  is  decom- 
posed, nitrogen  is  evolved,  and  on  evaporation  a dark-brown  ammoniacal 
compound  remains. 

The  acid  solutions  of  fibrin  give  a white  precipitate  with  ferrocyanuret 


* According  to  Braconnot,  when  water 
is  added  to  the  recent  sulphuric  solution 
of  fibrin,  and  the  mixture  boiled  for  a 
few  hours,  and  then  saturated  by  chalk, 
the  filtered  solution  contains  a peculiar 


white  matter,  which  he  terms  Leucine 
Ann.  de  Chim.  et  Phys .,  xiii.)  This  is 
probably  a compound  of  fibrin  and  sul- 
phuric acid. 
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of  potassium,  which  at  first  is  soluble,  but  becomes  permanent  on  adding 
excess  of  the  precipitant.  It  is  a compound  of  cyanuret  of  iron,  fibrin, 
and  hydrocyanic  acid ; it  is  insoluble  in  dilute  acids,  but  soluble  in 
caustic  alkali.  The  red  ferro- cyanuret  of  potassium  (ferro-sesquicyanuret) 
throws  down  a more  soluble  precipitate  than  the  above.  These  precipi- 
tates are  very  characteristic  of  fibrin,  and  of  seralbumen,  ovalbumen,  and 
lactalbumen,  and  serve  to  establish  the  analogy,  if  not  identity,  of  those 
modifications  of  this  animal  principle. 

Fibrin  is  soluble  in  caustic  potassa,  even  when  the  solution  is  very 
dilute ; it  gelatinises  and  then  dissolves,  and  is  precipitated,  if  not  too 
dilute,  by  acids ; a little  sulphuretted  hydrogen  is  always  then  evolved, 
which  seems  to  indicate  some  further  change. 

Digested  in  alcohol,  or  in  ether,  fibrin  yields  fatty  matter,  which, 
according  to  Chevreul,  is  merely  abstracted,  but  Berzelius  regards  it  as  a 
new  product : it  is  soluble  in  alcohol,  crystallizable,  and  reddens  litmus. 

The  above  account  of  the  fibrin  of  the  blood  is  chiefly  abstracted  from 
the  works  of  Berzelius  ( Lehrbuch , iv.,  and  Medico-Chirurgical  Trans ., 
iii.,  201.)  Some  of  its  other  characters  will  be  mentioned  when  speaking 
of  muscular  fibre. 

The  ultimate  of  analysis  of  fibrin  agrees,  as  might  be  expected,  in  its 
outline,  with  that  of  albumen ; there  is,  indeed,  every  reason  for  regard- 
ing them  as  different  species  of  one  organic  principle.  The  atomic  views 
which  have  been  given  of  these  animal  principles,  I do  not  quote,  inas- 
much as  their  combinations  are  not  sufficiently  definite  to  give  their 
equivalents,  and  as  we  have  no  criterion  by  which  to  judge  of  their 
absolute  purity,  especially  as  concerns  their  variable  proportion  of  water* 
The  following  are  the  results  of  the  analyses : 


Gay  Lussac  and 
Thenard 

Venous. 

Miehaelis. 

. Arterial. 

Carbon  . . 

. . . 53.300 

51.374 

. . 50.440 

Hydrogen 

. . . 7-021 

7.254 

8.228 

Oxygen  . . 

. . . 19.685  . . 

23.785 

24.085 

Nitrogen 

. . . 19.934 

17.587 

17-267 

Fibrin  . . 

. . . 100.000 

100.000 

100.000 

Colouring-matter  of  the  Blood.  FFematosyn.  FFemachrome.  It 
is  extremely  doubtful  whether  the  colouring-matter  of  the  blood  can  be 
effectually  separated  from  other  principles,  and  especially  from  albumen. 
By  stirrring  blood  during  coagulation,  a considerable  portion  is  diffused 
through  the  serum,  from  which  it  afterwards  subsides.  Vauquelin 
advises  the  digestion  of  the  coagulum,  drained  of  serum,  in  dilute  sul- 
phuric acid  at  a temperature  of  160°.  The  liquid,  filtered  while  hot,  is  to 
be  evaporated  to  half  its  bulk,  and  nearly  saturated  with  ammonia ; the 
colouring-matter  falls,  and  is  to  be  washed  and  dried.  (Ann.  de  Chun,  el 
Pkys .,  i.)  But  in  this  process  the  hsematosyn  has  probably  undergone 
some  change. 

The  chemical  properties  of  the  colouring-matter  of  the  blood  seem  to 
show  that  it  is  a peculiar  animal  principle.  It  is  soluble  in  cold  water, 
and  the  solution,  when  boiled,  deposits  a brown  sediment  of  altered 
colouring-matter.  Muriatic,  dilute  sulphuric,  and  several  of  the  vegetable 
acids,  and  the  caustic  and  carbonated  alkalis,  readily  dissolve  it,  and  form 
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solutions  of  different  tints  of  red,  and  of  a peculiar  greenish  hue  when 
viewed  by  transmitted  light.  Nitric  acid  instantly  renders  these  solutions 
brown,  and  decomposes  the  red  principle.  These  and  other  properties, 
(Phil.  Trans.,  1812,)  led  me  to  regard  the  colouring-matter  of  the  blood 
as  a distinct  proximate  principle  of  animal  matter,  independent  of  the 
presence  of  iron,  to  which  metal  its  peculiarities  were  at  one  time  referred 
by  MM.  Fourcroy  and  Vauquelin  ; and  the  latter  verified  my  conclusions 
in  the  above-quoted  memoir.  Berzelius,  whose  labours  in  animal  che- 
mistry are  at  once  refined  and  extended,  has  arrived  at  different  conclu- 
sions ; according  to  him  the  crassamentum  of  the  blood  consists  of 

Colouring-matter  .....  6'4 

Fibrin  and  albumen  . ....  36 


100 

The  colouring- matter,  when  incinerated,  affords  a residue  con- 
sisting of 

Oxide  of  iron  ........  50.0 

Subphospliate  of  iron  . . . . . . .7-5 

Phosphate  of  lime  with  magnesia  . . . . 6.0 

Lime  ..........  20.0 

Carbonic  acid  and  loss  . . . . . . 16.5 

100.0 

The  iron  he  regards  as  contributing  to  the  red  colour  of  the  blood, 
and  a hint  has  been  thrown  out  by  Dr.  Ure  as  to  the  possibility  of  its 
being  derived  from  sulphocyanate  of  iron. 

Berzelius  examined  the  solution  of  the  colouring-matter  obtained 
by  washing  the  coagulum,  deprived  of  its  serum,  in  water. 

The  strong  filtered  aqueous  solution,  thus  obtained,  is  dark  brownish- 
red,  and  becomes  brighter  by  dilution:  evaporated  at  100°,  it  leaves  a 
dark  residue,  soluble  in  water,  but  a boiling-heat  changes,  and  renders  it 
insoluble.  Chlorine  darkens  the  concentrated  solution,  and  then  gradu- 
ally destroys  its  colour : alcohol  coagulates  and  renders  it  insoluble  : the 
acids  generally  decompose  it.  Acetic  acid  heightens  the  colour  of  the 
solution  of  hsematosyn,  but  does  not  precipitate  it : on  neutralizing  the 
acetic  acid  by  potassa,  the  lnematosyn  is  precipitated.  Weak  alkaline 
solutions  act  nearly  similarly.  Sulphuretted  hydrogen  renders  the 
solution  of  hasmatosyn  first  violet,  then  green,  and  the  red  colour  is  not 
restored  either  by  alkali  or  acid.  Haematosyn  is  thrown  down  of  a red 
colour  by  acetate  of  lead,  sulphate  of  zinc,  and  corrosive  sublimate ; and 
brown  by  nitrate  of  lead,  of  silver,  and  of  copper,  and  by  chlorides  of  gold 
and  of  platinum. 

The  experiments  of  Dr.  Stevens  and  of  Mr.  P.  Squire,  have  further 
illustrated  the  peculiar  nature  of  hgematosyn.  One  of  its  most  striking 
characters  is  the  change  of  tint  which  it  apparently  suffers  by  the  action 
of  air,  and  which  is  well  seen  in  the  exposure  of  venous  blood  to  the 
action  of  air,  or  of  oxygen.  The  colouring-matter  of  the  blood  is  also 
rendered  florid  and  brilliant,  even  when  in  its  blackest  venous  state,  by 
almost  all  neutral  salts ; with  sulphate  of  soda,  for  instance,  or  with 
nitrate  of  potassa,  the  effect  is  extremely  striking.  Acids,  and  alkalis, 
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generally  render  the  haematosyn  black ; tartaric,  citric,  and  even  carbonic 
acid  produce  this  effect:  they  exert  more  or  less  solvent  power  over  it, 
and  their  solutions  are  dingy,  and  often  nearly  black,  by  reflected  light, 
but  of  a peculiar  green  tint  by  transmitted  light,  the  intensities  of  these 
colours  depending  upon  their  states  of  dilution.  Acid  salts,  and  basic 
salts,  act  more  or  less  as  free  acids  or  alkalis.  In  neutrosaline  solutions, 
on  the  other  hand,  liasmatosyn  is  insoluble,  and  if  its  dark-coloured  acid 
and  alkaline  solutions  he  so  mixed  as  accurately  to  neutralize  each  other, 
the  haematosyn  falls,  and  aquires  a florid  tint.  To  observe  the  action  of 
acids,  alkalis,  and  salts,  upon  hasmatosyn,  to  the  utmost  advantage,  the 
blood  should  not  be  suffered  to  coagulate,  hut  received,  whilst  flowing, 
into  the  acid,  alkaline,  or  saline  solution.  These  facts  have  been  applied 
by  Dr.  Stevens  to  explain  the  changes  of  colour  which  blood  suffers  in 
passing  from  the  venous  to  the  arterial  state.  ( London  Medical  Gazette , 
April,  1834.)  He  shows,  that  venous  blood  contains  carbonic  acid,  and 
that  it  gives  it  off  when  drawn  from  the  arm  into  a vessel  filled  with 
hydrogen,  all  contact  with  air  or  oxygen  being  carefully  avoided,  so  as 
to  preclude  the  formation  of  carbonic  acid  by  the  union  of  carbon  in  the 
blood  with  the  oxygen  of  the  air : that  this  carbonic  acid  blackens  the 
haematosyn,  and  that  its  red  colour  is  restored  by  its  removal,  when  the 
saline  matters  of  the  blood  render  it  florid  : that  the  change  of  arterial  to 
venous,  or  of  florid  to  black  blood,  occurs  in  the  extreme  ramifications  of 
the  vessels,  or  in  their  capillary  anastomoses,  for  the  blood  is  arterial  in 
the  extreme  arteries,  and  venous  in  the  extreme  veins : Dr.  Stevens  also 
infers  that  arterial  blood  contains  atmospheric  air,  or  air  more  abundant 
in  oxygen  than  that  of  the  atmosphere ; and  that  the  removal  of  the  car- 
bonic acid  in  the  lungs  is  effected  by  a peculiar  attractive  power  of 
oxygen  for  carbonic  acid,  taking  place  through  the  membrane  of  the 
lungs ; he  concludes,  and  adduces  satisfactory  experiments  in  proof  of  the 
conclusion,  that  the  change  of  venous  into  arterial  blood,  is  not  the  result 
of  the  absorption  or  combination  of  oxygen,  but  of  the  loss  or  abstraction 
of  carbonic  acid  by  or  from  the  black  blood ; the  blackening  cause  being 
thus  removed,  the  saline  matter  present  becomes  efficient  as  the  reddening 
cause ; for  Dr.  Stevens  has  proved  that  if  the  salts  he  abstracted  from  the 
colouring-matter,  it  retains  its  black  colour,  notwithstanding  the  loss  of 
carbonic  acid ; and  that  a piece  of  highly-florid  coagulum  becomes  black 
when  its  salts  are  washed  out,  and  can  only  again  he  rendered  florid  by 
the  addition  of  saline  matter.  All  these  facts  have,  of  course,  important 
bearings  upon  the  theory  of  respiration. 

To  the  statement  which  I have  now  given  of  the  nature  and  properties 
of  the  components  of  the  blood,  the  following  curious  facts  respecting  the 
odour  of  different  kinds  of  blood  have  been  added  by  M.  Baruel.  Whilst 
preparing  the  colouring-matter  of  blood  according  to  M.  Vauquelins 
process,  the  clot  of  ox-blood  was  heated  with  a large  excess  of  sulphuric 
acid  of  moderate  strength,  on  which  occasion  a strong  odour  of  beef  was 
observed.  Some  time  after,  having  occasion  to  operate  upon  the  blood  of 
a man  who  had  taken  opium,  the  fluid  was  first  coagulated  by  heat,  and 
divided,  after  which  it  was  boiled  with  weak  sulphuric  acid : immediately 
so  strong  an  odour  of  the  sweat  of  man  was  evolved,  as  to  infect  the  whole 
laboratory,  and  render  it  necessary  for  the  persons  to  leave  the  place. 
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This  and  the  former  fact  combined,  induced  M.  Baruel  to  extend  his  ex- 
periments on  these  subjects,  and  the  following  are  the  results. 

i.  The  blood  of  each  species  of  animal  contains  a principle  peculiar  to 
each.  ii.  This  principle,  which  is  very  volatile,  has  an  odour  resembling 
that  of  the  sweat,  or  the  cutaneous  or  pulmonary  exhalation  of  the  animal 
from  which  the  blood  was  taken,  iii.  In  the  blood,  this  volatile  principle 
is  in  a state  of  combination,  its  odour  being  then  insensible,  iv.  When 
the  combination  is  broken,  this  principle  is  volatilized,  when  it  is  easy  to 
recognise  the  animal  to  which  it  belongs,  v.  In  each  species  of  animal, 
this  principle  is  more  decided,  or  has  more  intensity  of  odour  in  the  male 
than  in  the  female;  and  in  men,  the  colour  of  the  hair  accompanies 
certain  variations  in  this  principle,  vi.  This  principle  is  in  a soluble 
state  in  the  blood,  and  may  be  found,  therefore,  either  in  the  unaltered 
blood,  or  after  the  fibrine  has  been  removed,  or  even  in  the  serosity  of 
blood,  vii.  Of  all  the  means  of  separating  this  principle,  concentrated 
sulphuric  acid  has  succeeded  best. 

To  obtain  these  results,  it  is  only  necessary  to  put  a few  drops  of 
blood,  or  the  serum  of  blood,  into  a glass,  to  add  concentrated  sulphuric 
acid  to  the  amount  of  one-third  or  half  as  much  as  of  blood,  and  to  stir 
the  whole  together  with  a tube ; the  odoriferous  principle  is  immediately 
rendered  evident.  By  these  means,  M.  Baruel  can  readily  distinguish  the 
blood  from  the  following  sources. 

i.  That  of  a man  disengages  a strong  odour  of  the  perspiration  of  man, 
which  it  is  impossible  to  confound  with  any  other,  ii.  That  of  a woman, 
a similar  odour,  much  weaker,  and  resembling  the  perspiration  of  woman, 
iii.  That  of  the  ox,  a strong  odour  of  beef.  iv.  That  of  v the  horse,  a 
strong  odour  of  the  perspiration  of  the  horse,  v.  That  of  the  sheep,  a 
strong  odour  of  wool  impregnated  with  the  perspiration  of  that  animal, 
vi.  That  of  the  dog,  the  odour  of  the  transpiration  of  a dog.  vii.  That  of 
a pig,  the  disagreeable  odour  of  a piggery,  viii.  That  of  a rat,  the  bad 
odour  belonging  to  the  rat. 

The  same  result  has  been  obtained  with  the  blood  of  various  kinds  of 
birds,  and  even  with  the  blood  of  a frog,  which  gave  the  strong  odour  of 
marshy  reeds,  &c.,  and  with  that  of  a carp,  which  gave  a principle 
smelling  like  the  mucus  which  covers  the  bodies  of  fresh-water  fish. 

Upon  trials  made  to  ascertain  whether  spots  of  blood  could  be  distin- 
guished, and  referred  to  their  source,  M.  Baruel  found,  that  to  a certain 
extent,  a pretty  sure  judgment  could  be  given,  even  after  fifteen  days  or 
more.  The  spotted  linen  is  to  be  cut  out,  put  into  a watch-glass,  and 
being  moistened  with  a little  water,  is  to  be  left  for  a short  time  at  rest. 
When  well  moistened,  a little  concentrated  sulphuric  acid  is  to  be  added, 
and  stirred  about  with  a tube ; then,  by  respiring  near  it,  the  odour  may 
be  perceived.  M.  Baruel  is  not  sure  that  the  distinction  could  be  ascer- 
tained after  more  than  fifteen  days,  and  therefore  recommends  legal 
officers  to  allow  of  no  delay  in  any  experiments,  which  bear  upon  cases 
of  judicial  investigation. 

A question  has  sometimes  arisen  as  to  the  possibility  of  preserving 
blood,  with  its  principal  characters  either  unimpaired  or  little  altered; 
the  following  facts  will,  perhaps,  illustrate  this  point.  In  the  month  of 
May  1818,  blood  was  drawn  from  the  arm  into  six  phials,  each  holding 
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about  two  ounces ; these  were  secured  by  good  corks,  which  were 
cemented  oyer,  and  put  away  in  a closet  where  they  remained  till  May 
1833,  a period  of  15  years.  Two  of  the  phials  were  then  opened.  The 
blood  was  perfectly  liquid  without  any  appearance  of  coagulum;  there 
seemed  to  have  been  no  extraordinary  evolution  of  gaseous  matter,  but  it 
exhaled  a nauseous  and  slightly-putrid  odour,  with  a trace  of  sulphuretted 
hydrogen.  It  was  of  a dark -purple  colour,  but  became  florid-red  and  was 
coagulated  upon  the  addition  of  a few  drops  of  solution  of  corrosive  sub- 
limate ; it  was  blackened  and  coagulated  by  acids ; alcohol  also  coagulated 
it;  and  the  action  of  acetic  acid  and  of  ferrocyanuret  of  potassium, 
resembled  that  upon  fresh  serum.  The  chief  apparent  change,  was  loss 
of  power  of  spontaneous  coagulation.  Heat  and  electricity  coagulated  it. 

Having  enumerated  the  principal  facts  which  bear  upon  the  chemistry 
of  the  blood,  I shall  now  subjoin  the  results  of  two  analyses  of  it  by 
Lecanu  (Ann.  de  Chim.  et  Phgs.,  XLviii.  308.) 


Water 

Fibrin 

Colouring-matter 
Albumen 
Fat  (crystalline) 
Ditto  (oily)  . 


Albumen  united  to  soda 
Chlorides  of  sodium  and  potassium] 
Carbonates)  . . . . ( 

Phosphates  > of  potassa  and  soda 
Sulphates  j 

Carbonate  of  lime  and  magnesia 
Phosphate  of  lime,  magnesia  & iron 
Peroxide  of  iron 

Loss  ..... 


: 


780.145 

785.590 

2.100 

3.565 

133.000 

119.626 

05.090 

69.415 

2.430 

4.300 

1.310 

2.270 

1.790 

1.920 

1.265 

2.010 

8.370 

• • 

7.304 

2.100 

• • 

1.414 

2.400 

• • 

2.586 

1000.000 

1000.000 

Lecanu  has  also  given  the  following  statement  of  the  comparative 
analysis  of  blood  drawn  from  ten  men  and  ten  women. 


Water 

Albumen 

Saline  and  extractive  matter  . . 

Red  globules  


Males. 

Females. 

789.32 

• • 

804.37 

67-50 

• • 

69.72 

10.69 

• • 

9.95 

132.49 

• • 

115.96 

1000.00 

1000.00 

Comparative  experiments  have  been  made  on  the  blood  of  different 
animals  by  Prevost  and  Dumas,  by  Tiedemann  and  Gmelin,  and  by  other 
physiologists  hnd  chemists,  for  the  details  of  which  I must  refer  to  their 
respective  works : the  general  results  are,  that  the  globules  vary  in  size 
and  form,  and  that  the  components  differ  somewhat  in  their  relative  pro- 
portions, rather  than  in  their  essential  qualities.  In  all  animals  the  rela- 
tive proportion  of  the  aqueous  to  the  solid  part  of  the  blood  is  liable  to 
slight  fluctuation,  even  in  the  healthy  state,  hence  the  discrepancies  in 
its  specific  gravity ; it  is  probable  also  that  the  quantitative  if  not  the 
qualitative  composition  of  the  blood  varies  in  different  vessels  and  different 
parts  of  the  body,  hence  perhaps,  the  slight  difference  observed  in  blood 
abstracted  by  cupping,  as  compared  with  that  drawn  from  the  arm. 
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Blood  in  Disease.  We  are  but  imperfectly  acquainted  with  the 
changes  in  the  composition  of  the  blood  which  are  the  result  of  disease. 
An  abstract  of  what  is  known  upon  the  subject,  is  given  by  Gmelin, 
( Handbuch , iv.)  and  by  Dr.  Turner  ( Elements  of  Chemistry.)  The  morbid 
changes  of  the  blood  resolve  themselves  into  those  dependent  upon  excess 
or  deficiency  of  its  usual  components,  and  those  in  which  foreign  sub- 
stances are  detected  in  it;  but  the  composition  of  the  blood  is  such  as  to 
interfere  in  almost  all  cases  with  the  nice  indications  of  delicate  tests,  and 
the  quantities  of  foreign  matters  which  render  the  blood  diseased  in  some 
cases  are  so  small,  as  to  elude  very  accurate  observation.  In  cases  in 
which  the  functions  of  the  kidneys  are  much  disturbed,  urea  is  detected  in 
the  blood ; and  where  the  secretion  of  the  urine  is  suspended,  it  is  present 
in  considerable  quantity,  and  the  source  probably  of  the  fatal  conse- 
quences that  ensue  from  that  cause.  Prevost  and  Dumas  tied  the  renal 
vessels,  and  extracted  the  kidneys  of  a dog,  and  on  the  second  day  after 
the  operation,  they  obtained  no  less  than  20  grains  of  urea  from  5 ounces 
of  his  blood  ( Ann . de  Chim.  el  Phys .,  xxxiii.  90.)  Urea  has  also  been 
detected  by  Dr.  O’Shaughnessy  in  the  blood  of  patients  suffering  under 
Cholera,  in  which  disease  the  renal  functions  are  usually  much  disturbed. 
In  jaundice,  bile,  or  at  least  its  bitter  and  colouring-principles,  appear 
occasionally  to  exist  in  the  blood,  and  are  discernible  in  the  serum.  It 
not  unfrequently  happens  that  the  serum  of  the  blood  resembles  whey, 
or  milk  and  water ; and  sometimes  it  resembles  cream ; but  such  cases 
are  very  rare;  these  appearances  depend  upon  the  presence  of  fatty  or 
oleaginous  matter,  which  may  be  separated  by  agitation  with  ether.  Drs. 
Traill  and  Christison  procured  1 per  cent,  of  fat  from  opalescent  serum, 
and  as  much  as  5 per  cent,  from  serum  which  had  the  appearance  of  milk. 
( Edinb . Med.  and  Snrg.  Jour .,  April,  J830.)  In  some  nervous  fevers  of 
a typhoid  character,  the  blood  is  said,  during  the  increase  of  the  disorder, 
to  be  more  aqueous  or  thin  than  in  health,  and  gradually  to  become 
more  dense  during  its  decrease.  The  state  of  the  blood  in  Cholera 
has  excited  a good  deal  of  attention.  The  peculiar  whitish  or  whey- 
like discharge  from  the  bowels,  is  said  to  contain  albumen,  and  the 
salts  of  the  blood  with  particles  of  fibrin ; the  density  of  the  blood 
itself  is  above  the  natural  standard,  it  is  of  a remarkably  dark  colour 
throughout  the  system,  and  sometimes  viscid,  and  incapable  of  coa- 
gulation, but  at  the  same  time  deficient  in  saline  matter.  These 
appearances  have  been  ascribed  to  various  causes.  According  to  Dr. 
Thomson,  the  blood  in  cholera  is  wholly  unsusceptible  of  the  usual 
influence  of  the  air,  and  is  consequently  decidedly  altered  in  its  nature. 
Dr.  O’Shaughnessy  however  found,  that  it  did  become  florid  when  agitated 
with  air,  and  that  it  emitted  carbonic  acid  gas.  Dr.  Stevens  ascribes  the 
appearances  to  deficiency  in  saline  matter,  and  successfully  treated  such 
cases,  not  only  by  the  administration  of  solutions  of  common  salt  and  of 
chlorate  of  potassa,  but  by  the  actual  injection  of  solution  of  salt  into  the 
veins.  Dr.  Turner  observes,  that  the  most  correct  opinion  perhaps  is, 
that  the  blood  of  persons  in  cholera,  in  consequence  of  deranged  arterial 
action,  circulates  sluggishly,  and  is  therefore  imperfectly  arterialized,  and 
that  the  dark  colour  may  arise  from  that  cause,  independent  of  any 
diminution  of  saline  matter,  and  may  disappear,  from  an  improved  circu- 
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lation,  without  the  administration  of  salt ; although  there  is  no  doubt  that 
loss  of  saline  matter  increases  the  dark  tint  of  the  blood,  and  prevents  it 
from  acquiring  the  arterial  colour.  The  secretion  of  a large  quantity  of 
saline  fluid  by  the  intestines  in  these  cases,  the  decided  deficiency  of  salts 
in  the  blood,  and  the  relief  afforded  by  restoring  saline  matter  to  the 
system,  are  however  strong  points  in  favour  of  Dr.  Stevens’s  views.  The 
substance  ejected  from  the  stomach  in  the  last  stage  of  yellow  fever,  and 
known  under  the  name  of  black  vomit  is  blood  blackened  and  coagulated 
by  the  free  acid  of  the  stomach. 

Detection  of  Blood.  It  is  occasionally  important  in  juridical 
inquiries,  to  distinguish  between  stains  upon  metal  and  linen  arising  from 
blood,  and  those  from  other  sources.  Orfila  has  given  some  useful  infor- 
mation upon  this  subject. 

Bloodstains  on  Steel.  When  the  blade  of  a knife  is  stained  by 
blood,  it  is  red  when  the  layer  is  very  thin,  but  brown  if  thicker  : heated 
to  about  80°,  the  blood-spot  peels  off,  leaving  the  steel  tolerably  clean;  no 
such  appearance  arises  from  common  rust,  but  something  like  it  may  be 
produced  by  the  juice  of  fruits;  in  that  case  the  blood-spot  may  be 
distinguished  from  that  of  vegetable  juices,  by  collecting  the  portion  which 
scales  off,  and  heating  it  in  a bit  of  glass  tube  closed  at  one  end;  it 
exhales  the  odour  of  animal  matter  and  ammonia,  and  the  latter  may  be 
recognised  by  its  alkalhie  reaction  on  test-paper:  any  of  the  vegetable 
stains  would,  under  such  circumstances  exhale  acid  fumes;  and  mere 
rust  would  either  give  out  nothing,  or  at  all  events,  the  slightest  possible 
trace  of  ammonia.  Where  it  is  practicable,  the  following  process  is  more 
exact;  the  stained  steel  is  immersed  in  water;  the  ligematosyn  and  some 
albumen  gradually  dissolve,  and  leave  the  fibrin  on  the  blade,  from  which 
it  may  be  removed  by  the  nail ; red  streaks  form  in  the  water,  which 
becomes  red  at  bottom : divide  this  red  part  into  several  portions ; to  1 
add  chlorine;  it  becomes  green,  then  colourless,  and  then  deposits  white 
flakes.  To  2 add  ammonia,  which  does  not  alter  the  colour  when  from 
blood,  but  if  from  any  ordinary  dye-stuff,  it  becomes  purple.  Into  3 drop 
nitric  acid ; it  becomes  pale-gray.  Into  4 a drop  or  two  of  infusion  of 
galls ; it  does  not  alter  the  colour,  but  occasions  a slight  cloud.  Heat  5 
till  it  boils,  when  it  either  deposits  flakes,  or  becomes  opalescent.  Of 
these  tests,  nitric  acid  and  infusion  of  galls  are  the  most  delicate;  should 
rust  of  iron  have  mingled  itself  with  the  liquid,  it  may  be  separated  by 
filtration. 

Bloodstains  on  Linen , 8$c.  Suspend  the  piece  of  linen  in  a little 
water;  the  fibrin  remains  upon  it,  and  may  be  detected  by  the  evolution 
of  ammonia,  if  linen  or  cotton,  on  the  application  of  a sufficient  degree  of 
heat,  in  a small  tube ; but  the  hiematosyn  and  some  albumen  are  dissolved 
or  extracted;  test  the  coloured  solution  as  above  directed.  Should  the 
blood  have  coagulated  upon  one  piece  of  linen,  and  then  have  gone  through, 
so  as  to  discolour  another,  no  fibrin  will  be  found  on  the  latter.  It  is 
possible  that  a solution  of  madder,  or  some  such  colouring-matter,  in  a 
serous  or  albuminous  liquid,  might  lead  to  deception;  but  in  this  case  the 
stain  upon  the  linen  would  not  be  so  easily  removed  by  water,  and  the 
red  solution  would  become  yellow  by  acids,  and  violet  by  alkalis:  a 
mixture  of  serum  and  the  red  of  madder  is  rendered  yellow,  and  does  not 
remain  red,  on  adding  infusion  of  galls. 
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This  fluid,  secreted  by  females  of  the  class  mammalia  for  the  nourishment 
of  their  young,  is  a white,  translucent,  aqueous  emulsion,  containing 
oil,  curd,  a species  of  sugar,  mucus,  salts,  and  a free  acid*,  so  that 
fresh  milk  slightly  reddens  litmus.  Cows’  milk  has  been  principally 
examined.  When  carefully  evaporated,  it  leaves  from  10  to  12  per 
cent,  of  residue,  but  many  circumstances  interfere  with  this  average. 
The  specific  gravity  of  skimmed  milk  is  1.033;  that  of  cream  1.024:  they 
consist,  according  to  Berzelius,  of 


Skimmed  Milk.  Cream. 


W ater 

928.75 

Butter 

. 4.5 

Caseous  matter  or  curd,  with  a trace  of  butter  . 

28.00 

Curd 

. 3.5 

Sugar  of  milk 

Muriate  and  phosphate  of  potassa  .... 

35.00 

1.95 

Whey  . 

. 92.0 

Lactic  acid,  acetate  of  potassa,  and  a trace  of  1 

lactate  of  iron 1 

Earthy  phosphates 

1 

6.00 

0.30 

100.00 

100.0 

These  can,  of  course,  only  be  regarded  as  the  average  quantities,  for, 
to  say  nothing  of  the  different  density  of  the  milk  of  different  breeds  of 
cows,  it  varies  in  the  relative  proportion  of  its  solid  contents  at  different 
periods  after  the  birth  of  the  young  t;  and  also  with  the  food  of  the 
animal.  Subtracting  the  curd  from  the  contents  of  milk,  the  residue 
constitutes  whey. 

Cream  arises  from  the  gradual  separation  of  the  lighter  suspended 
matters,  and  the  shallower  the  vessel,  the  sooner  it  separates.  When 
milk  is  kept  for  5 or  6 days  at  the  temperature  of  about  33°,  it  evolves 
nearly  the  whole  of  its  cream;  the  residue  looks  like  milk  and  water. 
By  churning , cream  is  separated  into  butter  and  butter -milk  during  this 
process,  the  temperature  of  the  cream  is  slightly  elevated,  a little  oxygen 
is  absorbed,  and  acid  produced ; but  this  change  is  not  essential  to  the 
separation  of  the  butter,  which  takes  place  when  air  is  excluded. 

Butter  is  an  oily  matter,  retaining,  in  its  ordinary  state,  a little  curd 
and  whey;  it  liquefies  at  98°;  if  melted  in  hot  water,  washed,  strained, 
and  then  allowed  to  concrete,  its  impurities  are  separated;  it  is  less  apt, 
in  this  state,  to  grow  rancid.  100  parts  of  alcohol,  of  .822,  dissolve  3.42 
of  butter.  Butter  is  easily  saponified,  requiring  for  the  purpose  not  more 
than  0.4  of  hydrated  potassa:  it  yields  88 .5  per  cent,  of  concrete  fixed  acids, 
in  which  a little  stearic  acid,  11.85  glycerine,  and  three  distinct  volatile 
acids,  are  included.  Butter  also  includes  three  distinct  species  of  fatty 
matter:  namely,  a stearin,  an  elain,  and  a third  substance,  butyrin , which 
produces  the  volatile  acids  of  its  soap.  (Chevreul.)  The  relative  proportions 


* This  acid  is  the  lactic  acid.  (p.  1128.) 
It  is  abundantly  generated  during  the 
spontaneous  changes  which  milk  under- 
goes in  becoming  sour. 

-f-  When  the  glands  begin  to  secrete 
milk,  it  is  at  first  very  different  from 
what  it  becomes  afterwards,  and  has  been 
termed  colostrum ; it  is  then  more  saline 
than  perfect  milk,  and,  in  the  cow, 


yellow,  thick,  and  sometimes  streaked 
with  blood;  it  only  contains  traces  of 
butter,  and  coagulates,  when  heated,  like 
a serous  secretion : it  gradually  acquires 
the  characters  of  perfect  milk : it  easily 
putrefies,  without  becoming  sour. 

£ According  to  Chevreul,  butter-milk 
contains  butyric  acid. 
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of  these  fats  vary,  whence  the  varying  consistency  of  butter.  The  stearin 
of  butter  may  be  obtained  by  expression,  or  by  deposition  from  its  hot 
alcoholic  solution;  it  is  white,  crystalline,  and  fusible  at  112°.  100  parts 

of  boiling  alcohol,  of  0.822,  dissolve  only  1.43  parts  of  it:  when  saponified, 
it  yields  0.945  of  fat-acid,  fusible  at  112°,  0.072  glycerine,  and  traces  of 
volatile  acids.  The  elain  of  butter  is  very  difficultly  separable  from 
butyrin:  Chevreul  endeavoured  to  obtain  it  by  keeping  purified  butter 
for  a long  time  at  a temperature  of  about  70  the  elain  and  butyrin 
gradually  liquefied,  and  were  poured  off  from  the  stearin  in  the  form  of  an 
oil,  specific  gravity  — 0.922  at  66w.  100  parts  of  boiling  alcohol,  of  0.822, 
dissolved  6 parts.  Digested  for  24  hours  with  anhydrous  alcohol  at  66°, 
it  yielded  a solution,  which,  when  poured  off  from  the  residue,  and  dis- 
tilled in  a water-bath,  left  a sour  oil,  smelling  of  butter,  and  consisting  of 
butyrin  with  a little  elain:  the  acid  was  abstracted  by  washing  with  a 
little  magnesia  and  water,  when  the  butyrin  remains  as  an  oil  which 
congeals  at  about  32°.  It  dissolves  in  all  proportions  of  boiling  alcohol, 
with  this  peculiarity,  that  the  solution  of  2 butyrin  in  10  alcohol  becomes 
turbid  as  it  cools,  whilst  10  of  butyrin  in  12  of  alcohol  remains  clear. 
The  alcoholic  solution  gradually  becomes  sour.  Butyrin  is  easily  saponi- 
fiable: its  fat-acids  begin  to  congeal  at  90°,  but  are  not  perfectly  concrete 
till  cooled  to  62°. 

When  butyrin,  freed  from  its  associated  stearin  and  elain,  is  saponified, 
it  yields  three  distinct  acids,  termed,  by  Chevreul  ( Recherches  sur  les 
Corps  Gras ),  butyric , caproic , and  capric  acid. 

1.  Butyric  Acid.  To  obtain  this  acid,  5 parts  of  butyrin  are 
saponified  by  2 of  hydrate  of  potassa;  the  resulting  soap  is  dissolved  in  a 
large  proportion  of  water,  and  decomposed  by  an  excess  of  tartaric  or  of 
phosphoric  acid;  the  liquid  portion  is  then  separated  by  filtration  from 
the  precipitated  stearic  and  oleic  acids,  and  subjected  to  distillation, 
when  the  three  above-named  acids,  being  volatile,  pass  over  with  the 
water.  The  distilled  product  is  saturated  by  baryta,  and  gently  evapo- 
rated to  dryness.  The  residue  consists  of  butyrate,  caproate,  and  caprate 
of  baryta:  it  is  to  be  decomposed  by  concentrated  phosphoric  acid,  which 
separates  the  three  fat- acids  in  the  form  of  an  oily  liquid,  and  the  portion 
which  remains  with  the  barytic  salt  may  be  abstracted  by  ether,  and 
obtained  either  by  distilling  off  the  ether  at  102°,  or  by  its  spontaneous 
evaporation.  The  oily  mixture  of  the  three  acids  is  then  agitated  with 
its  weight  of  water,  which  dissolves  the  butyric  acid.  The  oily  residue 
is  then  repeatedly  washed  with  water,  by  which  the  caproic  acid  is 
dissolved,  and  the  capric  acid  remains.  The  three  acids  being  thus 
separated,  should  each  be  saturated  by  baryta,  and  the  resulting  salts 
crystallized.  100  parts  of  the  butyrate  of  baryta  are  then  decomposed 
by  63.36  parts  of  sulphuric  acid  diluted  with  its  weight  of  water;  the 
butyric  acid,  which  separates,  is  then  decanted  off  and  distilled  by  a 
gentle  heat ; it  is  then  mixed  with  its  weight  of  powdered  chloride 
of  calcium,  and,  after  some  days,  again  distilled  by  a gentle  heat.  The 
butyrate  of  baryta  may  also  be  decomposed  by  the  addition  of  1.32  parts 
of  phosphoric  acid,  specific  gravity  =r  1.12:  the  acid  is  then  separated  by 
decantation,  and  by  agitation  with  ether. 

Butyric  acid  is  a limpid,  colourless,  inflammable  liquid,  resembling  a 


BUTYRIC  ACID. 
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volatile  oil;  it  does  not  congeal  at  15°;  it  boils  at  a temperature  some- 
what above  212°,  and  volatilizes  without  decomposition.  Its  specific 
gravity  is  0.9675  at  50°.  It  has  a sour  smell  resembling  that  of  rancid 
butter,  and  a pungent  and  slightly-sweet  taste:  it  leaves  a white  spot 
upon  the  tongue,  and  a greasy  stain  on  paper,  which  gradually  evaporates. 
It  mixes  in  all  proportions  with  water,  but  the  presence  of  other  acids 
diminishes  its  solubility.  The  density  of  a mixture  of  2 parts  of  butyric 
acid  and  1 of  water  is  zr  1.00287-  Butyric  acid  apparently  dissolves 
without  decomposition  in  sulphuric  and  nitric  acid.  In  combination  with 
bases,  it  forms  butyrates , which,  when  dry,  are  inodorous,  but  when  moist 
smell  strongly  of  butter.  When  decomposed  by  heat,  they  yield  carbu- 
rctted  hydrogen  and  carbonic  acid,  and  an  aromatic  oil  which  is  not  acid: 
the  residue  is  carbonaceous.  The  neutral  butyrates  are  soluble,  but  many 
of  them  lose  a part  of  their  acid  during  evaporation.  Butyric  acid  is 
composed  of 


Carbon 

8 

. . 48 

. . 62.34 

Chevreul. 

. . 62.82 

Hydrogen 

5 

5 

. . 6.49 

. . 7-01 

Oxygen  

3 

24 

. . 31.17 

. . 30.17 

Anhydrous  butyric  acid 

1 

77 

100.00 

100.00 

In  its  ordinary  state,  the  acid  consists  of  1 atom  of  anhydrous  acid 
+ 1 atom  of  water,  which  it  throws  off  when  it  coritbines  with  oxide  of 
lead:  hence  we  have  the  formulae 

( 8 CUT  + o A + 3 O ) or  blit1  •==  anhydrous  butyric  acid, 

( 8 CCLT  + 6 A + 4 O)  or  ( blit  ^ + C[  ) = hydrated  butyric  acid. 

Butyrate  of  Ammonia.  (A  + blit ' .)  Butyric  acid,  by  absorbing 
ammoniacal  gas,  first  forms  a crystallizable  compound,  which,  by  further 
absorption,  produces  a liquid,  and  this  afterwards  concretes  into  a mass 
of  acicular  crystals. 

Butyrate  of  Pot  ass  a (P  + but ' ) has  a sweetish  buttery  taste,  and 
is  deliquescent  and  imperfectly  crystallizable;  100  parts  of  water,  at  60°, 
dissolve  125  of  this  salt,  and  the  solution  combines  with  a large  additional 
proportion  of  acid. 

Butyrate  of  Soda  (S  + blit /)  is  less  deliquescent  than  the  potassa 
salt:  in  other  respects  its  properties  are  similar. 

Butyrate  of  Lime  (C  + but' ) forms  acicular  crystals,  of  which  17 
parts  are  soluble  in  100  of  water.  This  salt  is  less  soluble  in  hot  than  in 
cold  water,  so  that  the  cold  solution  concretes  when  heated : this  effect  is 
well  observed  in  a tube,  in  which  the  hot  and  solid  hydrated  salt  liquefies 
when  plunged  into  cold  water. 

Butyrate  of  Baryta.  (B  + blit1.)  This  salt  crystallizes  in  flat 
prisms,  of  a greasy  lustre,  and  a buttery  and  alkaline  taste:  it  restores 
the  blue  of  reddened  litmus.  100  parts  of  water  at  50°  dissolve  36  of 
this  salt;  it  is  a little  soluble  in  anhydrous  alcohol,  and  unchangeable  in 
the  air : in  vacuo  it  loses  2.25  per  cent,  of  water  without  becoming 
opaque. 

Butyrate  of  Strontia  (Str  4-  blit')  resembles  the  salt  of  baryta, 
but  is  less  soluble. 

Butyrate  of  Lead  (Pl  4-  blit ')  forms  small  silky  crystals ; it  easily 
loses  acid  during  evaporation,  and  forms  a tribasic  salt. 

4 E 
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Butyrate  op  Copper  (Cu  + butf)  forms  transparent  eight-sided 
prisms.  Its  solution  at  212°  deposits  a blue  powder,  which  soon  becomes 
brown. 

2.  Caproic  Acid  is  obtained  by  the  decomposition  of  100  parts  of  ca~ 
proate  of  baryta  by  29.63  of  sulphuric  acid,  diluted  with  its  weight  of 
water ; it  is  digested  with  chloride  of  calcium,  and  distilled.  It  is  a very 
inflammable  limpid  oil,  of  an  acrid  acid  flavour,  leaving  an  impression  of 
sweetness,  and  smelling  like  sour  perspiration.  Its  specific  gravity  is 
0.622  at  76°;  it  does  not  congeal  at  15°.  It  boils  above  212°,  and  eva- 
porates gradually  in  the  air.  Water  at  42°  scarcely  dissolves  1.04  per 
cent.  Anhydrous  alcohol  dissolves  it  in  all  proportions. 

Caproic  acid,  in  anhydrous  combination,  consists  of 


Carbon  ...... 

72  . . 

68.57  . . 

Chevreul. 

68.33 

Hydrogen  ..... 

. 9 . . 

9 . . 

8.57  . . 

9.00 

Oxygen  ...... 

24  . . 

22.86  . . 

22.67 

Anhydrous  caproic  acid 

1 

105 

100.00 

100.00 

The  liquid  acid  consists  of  1 atom  of  anhydrous  acid  4-  1 atom  of 
water  (105  + 9 = ] 14)  so  that  we  have  the  formulae 

( 12  CCtV  + 9 A + 3 0)  or  CCCpTO ’ — anhydrous  caproic  acid, 

(i2C$T  + ioA+  40)  or  ( C&pTOt  + q)  = hydrated  caproic  acid. 

Caproates.  These  salts  smell  and  taste  like  the  acid  ; they  exhale 
an  aromatic  odour  when  decomposed  by  heat.  Their  solubility  is  inter- 
mediate between  that  of  the  butyrates  and  caprates.  Caproate  of 
polassa  forms  a very  soluble  gelatinous  compound,  which  becomes  opaque 
when  heated.  Caproate  of  lime  crystallizes  in  quadrilateral  plates, 
soluble  in  twice  their  weight  of  water.  Caproate  of  baryta , when  crys- 
tallized at  65°,  forms  hexangular  tables ; at  85°  its  crystals  are  acieular. 
100  parts  of  water  at  50°  dissolve  8 of  this  salt.  It  is  fusible  at  a 
moderate  heat. 

3.  Capric  Acid.  100  parts  of  the  caprate  of  baryta  are  decomposed 
by  47-5  of  sulphuric  acid,  diluted  with  its  weight  of  water ; or  by  83.6 
of  vitrified  phosphoric  acid  dissolved  in  240  parts  of  water.  The  capric 
acid  is  distilled  after  having  been  digested  upon  chloride  of  calcium. 

Capric  acid  forms  small  acieular  crystals,  which  fuse  at  about  65°,  at 
which  temperature  its  specific  gravity  is  0.910.  It  may  be  distilled,  with- 
out decomposition,  at  a little  above  212°.  Water  at  65°  dissolves  scarcely 
a thousandth  of  its  weight  of  capric  acid,  but  alcohol  dissolves  it  in  all 
proportions.  Its  odour  partakes  of  that  of  the  goat. 

Capric  acid  consists  of 


Carbon 

108  . . 

74.0 

Chevreul. 

74.00 

Hydrogen 

. 14  . . 

14  . . 

9.6 

9.75 

Oxygen 

24  . . 

16.5 

16.25 

Anhydrous  capric  acid 

1 

146 

100.0 

100.00 

The  crystallized  acid  includes  1 atom  of  water  (146+9  = 155),  hence 
the  formulae 

(18 CCLT  + 14A+  3 O)  or  CCtp1.  = anhydrous  capric  acid, 

(is COT  + 15^+4  0)  or  (cap'  + q)  = hydrated  capric  acid. 
Caprates.  The  humid  caprates  have  the  odour  and  taste  of  the  acid  ; 
exposed  to  heat,  they  exhale  an  aromatic  and  goaty  odour. 
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Caprate  of  Baryta  requires  for  its  solution  200  parts  of  water  at 
67° ; it  is  fusible,  and  of  a bitter,  alkaline  taste. 

It  will  be  remarked  that  each  of  the  three  acids  of  saponified  butyrin 
include  3 atoms  of  oxygen  in  their  equivalents;  so  that  in  the  neutral 
butyrates,  caproates,  and  caprates,  the  oxygen  in  the  base  is  to  that  in 
the  acid  as  1 to  3. 

Curd  of  Milk.  Caseum.  Lactalbumen.  This,  which  is  the  coagulable 
or  albuminoid  principle  of  milk,  may  be  separated  by  adding  dilute  sul- 
phuric acid  to  skimmed  milk,  which  forms  a white  coaguluin,  or  sulphate 
of  caseum  ; this  is  washed  to  deprive  it  of  whey,  and  mixed  and  digested 
with  carbonate  of  lime  or  baryta  ; the  acid  is  thus  abstracted  by  the 
earthy  base,  and  the  free  caseum  dissolves  in  the  water,  so  that  it  may  be 
separated  by  filtration  ; this  solution  is  yellowish,  and  somewhat  viscid  ; 
during  evaporation  it  smells  like  boiled  milk,  and  becomes  covered  with 
similar  films,  which  may  be  successively  removed  ; when  dry,  the  caseum 
is  yellow,  and  soluble  in  water,  and  the  solution  is  coagulated  by  acids, 
especially  when  warm ; and  when  left  to  itself,  it  putrefies  and  smells  like 
old  cheese*.  The  transparent  desiccated  caseum  becomes  opaque  in 
alcohol,  in  which  it  is  sparingly  soluble.  (Frommherz  and  Gugerfc. 
Schweigger’s  Jour .,  l.  72.) 

Caseum  closely  resembles  albumen  in  regard  to  the  action  of  the  acids; 
the  principal  difference  being,  that  it  is  precipitated  by  acetic  acid ; the 
precipitate  is  re-dissolved  by  excess  of  acid,  but  less  easily  than  albumen 
or  fibrin.  The  acid  solutions  of  caseum  are  precipitated  by  ferrocyanuret 
of  potassium.  The  alcoholic  solutions  of  caseum  are  not  precipitated  by 
acids;  and  its  acid  compounds,  which  are  insoluble  in  water,  are  soluble 
in  alcohol.  Caseum  combines  with  the  alkalis  and  alkaline  earths,  and 
its  aqueous  solution  is  precipitated  by  all  those  salts  which  throw  down 
albumen,  and  also  by  tannin. 

Caseum,  like  albumen,  exists  in  the  liquid  and  coagulated  form  ; but 
its  coagulation  is  not  effected  by  boiling,  but  by  the  action  of  rennet , 
which  is  the  inner  coat  of  the  calf’s  stomach  after  it  has  been  washed  in 
hot  water.  ITow  this  operates  is  unknown;  but  a similar  coagulating 
power  resides  in  the  stomachs  of  most,  if  not  all,  animals.  Berzelius 
put  1 part  of  the  inner  membrane  of  the  calf’s  stomach,  after  having 
been  well  washed  and  dried,  into  1800  of  skimmed  milk,  gradually  heated 
up  to  122°,  and  kept  at  that  temperature  till  fully  coagulated ; he  then 
took  it  out,  washed,  and  again  dried  it;  it  had  only  0 per  cent,  in  weight. 

Cheese  is  a mixture  of  coagulated  caseum  with  more  or  less  butter  ; 
its  various  qualities  depend  upon  a variety  of  causes,  partly  connected 
with  the  properties  of  the  milk  employed,  partly  upon  occasional  addi- 
tions to  it,  and  peculiarities  of  manipulation  ; there  are,  however,  two 
leading  varieties  dependent  upon  the  absence  and  presence  of  butter  ; the 
former  is  a poor  and  comparatively  hard  and  tasteless  cheese,  little 
prone  to  change,  and  when  heated,  shrivels  up  like  horn  ; the  latter  is 
rich,  fusible,  and  when  toasted,  becomes  soft  and  viscid,  entering  into  a 
state  of  greasy  semifusion.  English  cheese  is  frequently  coloured  by 

* Braconnot  conceives  that  dried  ca-  it  might  forma  good  substitute  for  milk 
seum  may  be  used  as  an  article  of  food  ;♦  in  long  voyages, 
and  that  with  water,  butter,  and  sugar, 


/ 
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annotta,  and  often  contains  a preposterous  quantity  of  salt,  added  partly 
to  preserve  it,  and  partly  to  increase  its  weight.  The  flavour  and  texture 
of  cheese  alters  considerably  by  age  ; and  if  originally  moist,  it  gradually 
passes  into  a peculiar  state  of  putrefaction,  the  products  of  Avhicli  have 
been  examined  by  Braconnot.  (Ann.  de  Chun,  et  Phys.,  xxxv.,  161.)  He 
found  that  curd  covered  with  water,  and  kept  at  a temperature  of  about 
75°,  underwent  complete  putrefaction  in  about  a month.  The  liquid  was 
then  filtered  off,  smelt  putrid,  and,  when  evaporated  to  the  thickness  of 
honey,  concreted  into  a granular  mass,  part  of  which  was  soluble  in  alco- 
hol; the  insoluble  residue  is  what  Proust  (Ann.  de  Chim.  et  Phys .,  x., 
40,)  termed  caseous  oxide , and  the  soluble  portion,  caseate  of  ammonia. 
Braconnot  dissolved  the  caseous  oxide  in  water,  filtered  through  animal 
charcoal,  and  then  obtained  a colourless  solution,  which,  by  spontaneous 
evaporation,  yielded  a crystallized  product : to  this  he  gives  the  name  of 
aposepedin , (from  a?ro,  and  product  of  putrefaction.') 

Aposepedin  is  a friable  crystalline  substance,  inodorous,  slightly 
hitter,  heavier  than  water,  burns  without  residue,  and  when  heated  in 
a tube  open  at  both  ends,  it  rises  in  vapour,  which  deposits  itself  as  a 
crystalline  sublimate.  Heated  in  a retort,  this  volatilization  does  not 
ensue,  but  it  is  decomposed,  yielding  concrete  oil,  and  a liquid  contain- 
ing carbonate  and  hydrosulphuret  of  ammonia.  It  is  very  sparingly 
soluble  in  alcohol,  and  deposited  from  its  boiling  solution  as  it  cools  in 
the  form  of  a light  powder  like  magnesia ; nitric  acid  decomposes  it ; 
muriatic  acid  dissolves  it,  and  the  evaporated  solution  concretes  on  cool- 
ing. Its  aqueous  solution  yields  a flocculent  precipitate  with  infusion  of 
galls,  soluble  in  excess  of  the  precipitant ; subacetate  of  lead  also  throws 
down  a white  precipitate. 

The  supposed  solution  of  caseate  of  ammonia , above-mentioned,  con- 
tains, according  to  Braconnot,  aposepedin,  acetic  acid,  animal  extractive, 
a resinous  substance,  several  salts,  and  a peculiar  of  which  is  extremely 
pungent,  and  identical  with  that  which  is  generated  in  old  cheese,  and 
gives  to  it  its  acrimony.  Oleic  and  margaric  acids,  margarate  of  lime, 
and  the  acids  of  butyrin  are  contained  in  the  insoluble  residue  remaining 
upon  the  filter.  The  composition  of  aposepedin  has  not  been  ascertained ; 
it  probably  contains  a large  proportion  of  nitrogen,  and  from  its  blacken- 
ing effect  upon  silver,  and  the  products  of  its  destructive  distillation,  sul- 
phur seems  to  he  one  of  its  elements. 

The  equivalent  of  caseum,  or  lactalbumen,  cannot  he  determined,  so 
that  its  atomic  constitution  must  be  hypothetical ; it  is  given  as  follows 


Gmelin,  in 

reference  to  Gay  Lussac’s 

analysis : 

Carbon . 

...  7 

42 

60.87 

Gay-Lussac 
and  Thenard 

59.781 

Hydrogen  . 

...  5 

5 

7.25 

7.429 

Oxygen 

...  1 

8 

11.59 

11.409 

N itrogen  . 

...  1 

14 

20.29 

21.381 

Caseum 

• • • 1 

m 

100.00 

100.000 

The  carbonaceous  residue  of  caseum  affords,  when  incinerated,  about  6 
per  cent,  of  phosphate  of  lime,  an  ingredient  in  milk,  which,  as  Berzelius 
remarks,  forms  an  important  feature  in  respect  to  the  nourishment  of 
young  animals,  who  require  it  for  the  formation  of  bone. 
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Whey.  Sugar  of  Milk.  When  the  butter  and  curd  of  milk  are 
abstracted,  there  remains  a pale  yellowish  opalescent  fluid,  termed  whey , 
which,  when  evaporated,  deposits  a crystallized  substance  called  sugar  of 
milk.  Sometimes  whey  is  evaporated  to  dryness,  and  the  residue  used 
as  an  article  of  food  : in  Switzerland,  sugar  of  milk  is  an  article  of  com- 
merce ; it  forms  crystallized  cakes  or  masses  of  a prismatic  and  lamellar 
fracture;  it  is  slightly  sweet,  and  gritty:  its  sp.  gr.  — 1.543.  It  con- 
tains 1 2 per  cent,  of  water,  which  may  be  evaporated  by  careful  fusion, 
after  which  it  concretes  into  an  opaque  white  mass.  Its  water  is  also 
expelled  by  fusion  with  oxide  of  lead.  It  is  slowly  soluble  in  3 parts  of 
hot  and  6 of  cold  water,  very  sparingly  soluble  in  alcohol,  and  insoluble 
in  ether.  It  is  not  susceptible  of  vinous  fermentation.  It  is  convertible, 
like  starch,  into  granular  sugar,  by  boiling  with  a very  dilute  sulphuric 
acid.  Nitric  acid  converts  it  into  malic,  oxalic,  and  mucic  or  saclactic 
acid , (p.  897-)  Caustic  potassa  converts  it  into  a brown  bitter  substance. 
When  digested  with  oxide  of  lead  and  water,  sugar  of  milk  forms  a 
soluble  and  an  insoluble  compound;  the  insoluble  and  anhydrous  combina- 
tion consists  of  63.5  oxide  + 36.5  sugar  of  milk ; in  this  compound,  the 
oxygen,  according  to  Berzelius,  in  the  oxide,  is  to  that  in  the  sugar  as 
1 to  4,  whence  the  following  estimate  of  the  equivalent  and  atomic  com- 
position of  this  organic  product  : 


Berzelius. 

Carbon 5 . . 30  . . 45.45  . . 45.267 

Hydrogen 4 . . 4 . . 6.06  . . 6.385 

Oxygen 4 . . 32  . . 48.49  . . 48.348 


Anhydrous  sugar  of  milk  . 1 66  100.00  100.000 


The  crystallized  sugar  of  milk  consists  of 


c/  O 

Anhydrous  sugar  of  milk 
Water 

. . 1 

. . 1 

. . 66  . 
9 

88 

12  . . 

Berzelius. 

87.667 

12.333 

Crystallized  sugar  of  milk 

. . 1 

75 

100 

100.000 

Or, 

Carbon  . . . 

Hydrogen  . . 

Oxygen  . . . 

5 . . 30 

5 . . 5 

5 . . 40 

. . 40.00 

6.67 
. . 53.33 

Berzelius. 

. . 39.474 

. . 7-167 

. . 53.359 

Gay  Lussac  and 
Thenard 

. . 38  825  . 

. . 7-341  . 

. . 53.834  . 

Frout. 

. 40.00 

. 6.67 

. 53.33 

Crystallized  sugar] 
of  milk  . . . 1 

1 75 

100.00 

100.000 

100.000 

100.00 

Human  Milk.  The  statements  respecting  the  composition  of  human 
milk  are  much  at  variance,  arising  probably  in  part  from  the  difficulty  of 
obtaining  it  in  sufficient  quantity  for  analysis,  and  partly  from  its 
mutability  in  regard  to  the  relative  proportions  of  its  component  parts. 
L.  Gmelin  and  Berzelius  have  each  given  the  details  of  the  experiments 
which  have  been  made  upon  it.  Its  sp.  gr.  appears  to  vary  between 
1.020  and  1.025,  or  a little  higher:  its  solid  contents,  according  to  Meg- 
genhofen,  vary  between  11  and  12.5  per  cent .,  and  its  albumen  or  caseurn 
is  said  to  furnish  soluble  combinations  with  acids,  so  that  it  is  not  coa- 
gulated by  them.  Of  fifteen  samples,  only  three  were  coagulated  by 
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acetic  and  muriatic  acids;  but  they  were  all  coagulated  by  rennet:  this 
is  an  important  fact,  as  establishing  the  distinct  action  of  rennet  from 
that  of  acids.  The  following  are  the  fesults  of  three  of  Meggenhofen’s 
analyses : 

i. 

Butter,  acids,  and  salts  , . 9.13 

Sugar  of  milk  and  salts  . . 1.14 

Curd  coagulated  by  rennet  . 2.41 

Water  ........  87.25 

The  extraordinary  proportion  of  butyraceous  matter  in  III.,  shows 
the  uncertainty  of  composition  in  this  secretion : indeed,  in  all  the  above 
cases  the  quantity  of  butter  appears  to  have  been  excessive,  for  Payen’s 
results,  which,  in  regard  to  the  total  amount  of  solid  matter,  agree  with 
Meggenhofen’s,  do  not  give  an  average  of  more  than  5.2  per  cent,  of  that 
ingredient. 

Asses’  Milk  has  a specific  gravity  = 1.023  to  1.0355,  it  yields  a 
light  white  butter,  which  soon  grows  rancid : the  curd  is  more  difficultly 
separable  than  from  cow’s  milk,  but  the  whey  is  clearer,  and  contains 
more  sugar  of  milk.  It  contains  2.9  cream,  2.3  caseum,  4.5  sugar  of 
milk  ( per  cent.):  and,  according  to  Van  Stiptrian  Luiscius  and  Bondt, 
it  is  susceptible  of  vinous  fermentation. 

Mares’  Milk  has  a specific  gravity  = 1.034  to  1.045  ; it  yields  little 
cream,  but  a large  proportion  of  sugar  of  milk ; a vinous  liquor  is  ob- 
tained by  the  fermentation  of  its  whey,  known  in  Tartary  under  the 
name  of  koumiss. 

Goats’  Milk  is  of  a specific  gravity  ==  1.036 ; its  goaty  odour  is 
stronger  from  dark  than  from  white  goats ; it  yields  much  cream  and 
butter,  and  this,  besides  the  usual  acids,  yields  a peculiar  one,  called  by 
Chevreul  hircic  acid , which  gives  it  its  characteristic  odour : its  caseum 
is  also  abundant,  and  the  whey  easily  pressed  out  of  it.  It  contains  in 
the  100  parts  4.08  butter,  4.52  caseum,  5.86  residue  of  the  whey,  85.50 
water  (Payen) ; 7-5  cream,  4.56  butter,  9.12  caseum,  4.38  sugar  of 
milk,  (S.  Luiscius  and  Bondt.) 

Sheep’s  Milk,  of  the  specific  gravity  of  1.035  to  1.041,  yields  much 
cream,  the  butter  of  which  is  semifluid,  and  easily  becomes  rancid : the 
butter  is  difficultly  separable  from  the  curd,  so  that  the  cheese  which  it 
yields  is  rich  and  greasy.  It  affords  11.5  cream,  5.8  butter,  15.3  caseum, 
4.2  milk-sugar,  per  cent. 

It  has  not  been  ascertained  how  far  all  milk  is  susceptible,  under 
favourable  circumstances,  of  vinous  fermentation,  nor  whether  any 
common  sugar  is  present  in  the  milk  which  undergoes  that  change;  milk- 
sugar  and  water  with  a ferment,  will  not  produce  a vinous  liquor: 
Scheele  found  that  the  addition  of  an  ounce  of  brandy  to  a quart  of  milk 
caused  it  to  undergo  acetous  fermentation,  and  that  in  a month  it  yielded 
good  vinegar  vdien  poured  off  the  curd,  and  contained  no  lactic  acid. 

At  temperatures  above  55°,  milk  absorbs  oxygen,  and  becomes  sour ; 
between  68°  and  75°,  this  takes  place  in  a few  hours,  and  the  milk  then 
curdles  when  boiled ; but  Gay  Lussac  found  that  fresh  milk  heated  every 
other  day,  or  in  summer  every  day,  up  to  212°,  might  be  kept  for  months 
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without  spoiling.  Milk,  which  has  become  sourish,  may  be  recovered  by 
heating  it  with  a little  carbonate  of  potassa  or  soda,  sufficient  to  neutralize 
its  acid.  When  milk  grows  sour,  the  lactic  acid  which  is  produced 
combines  with  the  curd,  and  the  combination  may  he  decomposed  (as 
stated  in  regard  to  the  sulphate  of  caseinn ) by  alkalis,  or  alkaline 
earths. 

The  influence  of  food  upon  the  milk  is  well  known  by  the  varieties 
of  taste,  colour,  and  odour,  which  are  so  produced.  From  some  of  the 
Euphorbia? , and  from  the  Gratiola  officinalis  it  is  said  to  acquire  a laxa- 
tive power.  Madder,  saffron,  the  flowers  of  Ranunculi , and  many  other 
colouring-matters,  communicate  to  it  their  tints.  The  volatile  oils  of  the 
didynamice  affects  its  odour.  Various  medicines  apparently  affect  the 
properties  of  the  milk,  as  indicated  by  its  effects  upon  the  infant;  and 
the  influence  of  affections  of  the  mind  upon  the  secretion  are  often  very 
obvious ; these  subjects,  however,  have  as  yet  engaged  hut  little  of  the 
attention  of  the  chemist. 


§ III.  BILE.  Biliary  Concretions. 

This  important  secretion  has  been  laboriously  examined  by  several  modern 
chemists  of  eminence,  among  whom  we  may  especially  enumerate 
Thenard  (Memoires  d’ Arcueil,  i.),  Berzelius  ( Lehrbuch  der  Thier-chemie ., 
and  Med.  Chir.  Trans.,  iii.),  Tiedemann  and  Gmelin  ( Uber  die  Verdauung , 
Essay  on  Digestion),  and  Frommherz  and  Gugert  (Schweigger’s  Journal , 
v.  1.)  Their  results,  however,  are  so  much  at  variance,  that  it  is  im- 
possible to  draw  any  general  conclusions  from  them  respecting  the  real 
nature  and  chemical  components  of  the  bile ; these  discrepancies  seem 
partly  to  arise  from  the  extreme  facility  with  which  chemical  agents 
react  upon  this  secretion,  so  that  many  of  the  supposed  educts  or  com- 
ponent parts,  which  have  been  enumerated,  are  probably  products  of  the 
different  operations  to  which  it  has  been  submitted,  or  at  all  events, 
modifications  of  its  true  proximate  elements : it  has  been  therefore  well 
observed  by  Berzelius,  that  our  present  chemical  knowledge  of  the  nature 
of  bile  can  only  be  considered  as  a foundation  for  the  more  extended 
and  satisfactory  researches  of  future  experimentalists.  I shall  here 
endeavour  to  select  some  of  the  least  disputable  and  most  important  facts 
respecting  the  chemical  properties  of  the  bile,  remarking  at  the  outset, 
that  the  indications  of  reagents  upon  different  specimens  of  bile  are  apt 
to  vary,  and  that  their  action  is  often  much  modified  by  temperature, 
quantity,  and  the  mode  in  which  they  are  used. 

There  always  appears  to  he  mixed  with  bile  a variable  proportion  of 
mucus , probably  derived  from  the  gall-bladder  and  its  ducts,  and  not, 
therefore,  a true  component  of  the  secretion : this  gives  the  bile  its  visci- 
dity, and  often  seems  in  some  way  to  modify  its  other  characters : in 
general,  however  ( ox-gall ),  it  is  a green  liquid,  varying  somewhat  in  tint, 
of  a peculiar  odour,  a hitter  and  nauseous  taste,  and  a specific  gravity 
fluctuating  between  1.020  and  1.030.  It  does  not  coagulate  when  heated, 
and  although  it  may  possibly  contain  albumen,  or  something  very  like  it, 
it  is  not  immediately  coagulated  by  alcohol  or  by  dilute  acids.  The 
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relative  proportion  of  solid  matter  obtained  by  the  evaporation  of  bile,  is 
between  8 and  10  per  cent.  By  means  of  acetic  acid,  the  mucus  which  is 
mixed  with  the  bile  may  to  a great  extent  be  separated.  In  the  mam- 
malia, generally,  the  bile  exhibits  nearly  the  same  characters ; and  in 
birds  and  fishes  its  components  seem  to  be  the  same,  but  rather  more 
dilute  in  the  former,  and  more  concentrated  in  the  latter : it  is  always 
alkaline,  from  the  presence  of  soda,  apparently  in  the  same  state  of  com- 
bination as  it  exists  in  the  serum  of  the  blood.  When  bile  is  evaporated 
very  carefully  to  about  half  its  bulk,  and  alcohol  added,  (in  the  propor- 
tion of  about  four  parts  to  one  of  the  evaporated  bile,)  a coagulated 
matter  is  thrown  down,  which  has  some  of  the  properties  of  albumen ; 
yet  neither  solution  of  corrosive  sublimate,  nor  of  ferrocyarmret  of  potas- 
sium, which  are  such  delicate  tests  of  that  proximate  animal  principle  in 
other  cases,  enables  us  to  detect  it  in  the  original  bile.  Chlorine  first 
renders  bile  green,  and  then  opaque  or  milky.  Acetate  of  lead  gives 
no  precipitate,  but  subacetate  of  lead  throws  drown  a copious  curdy 
substance.  When  alcohol  is  added  to  bile  which  has  been  evaporated 
nearly  to  dryness,  it  acquires,  when  filtered  off,  a brownish-green  colour 
and  bitter  taste ; when  evaporated,  it  leaves  a residue  which  is  almost 
totally  soluble  in  water ; and  in  this  aqueous  solution,  dilute  sulphuric 
acid  slowly  throws  down  a gray  substance,  which  appears  to  be  a com- 
pound of  the  acid  and  the  bitter  principle  of  the  bile ; when  it  has  been 
washed  with  water  (in  which  it  is  not  soluble),  it  dissolves  in  alcohol, 
and  if  the  sulphuric  acid  be  then  separated  from  it  by  carbonate  of  baryta 
and  filtration,  the  filtered  solution  leaves  on  evaporation  a green,  trans- 
parent, bitter  residue,  which  appears  to  be  the  characteristic  principle  of 
the  bile,  and  which  Berzelius  calls  Gallenstoff.  As  thus  obtained,  it  is 
not  quite  free  from  foreign  matters,  and  ether  digested  upon  it  takes  up 
a little  fatty  matter ; indeed,  when  bile,  concentrated  by  evaporation,  is 
agitated  with  ether,  and  the  latter,  after  having  separated  upon  the  sur- 
face, is  poured  off  and  evaporated,  it  always  leaves  traces  of  a fatty 
substance,  probably  identical  with  cholesterine.  The  }3iirified  bitter 
residue,  to  which  we  have  just  adverted,  is  apparently  the  picromel  of 
Thenard ; it  has  a bitter,  pungent,  and  sweetish  taste,  is  inflammable, 
deliquescent,  soluble  in  water  and  alcohol,  but  insoluble  in  ether;  its 
solution  is  precipitated  by  many  acids,  (not  by  acetic  or  phosphoric,)  and 
the  precipitate  is  nearly  insoluble  in  water,  of  a greenish  colour,  resinous 
appearance,  and  fusible  at  212°.  This  precipitate  (consisting  of  picromel 
combined  with  the  acid  used  to  throw  it  down)  dissolves  in  alcohol,  and 
is  again  thrown  down  by  water : it  dissolves  in  solution  of  acetate  of 
potassa,  the  alkali  of  which  combines  with  the  acid  of  the  precipitate, 
whilst  the  acetic  acid  unites  to  the  picromel  to  form  a soluble  acetate. 
Picromel  dissolves  in  weak  alkaline  solutions  apparently  without  decom- 
position. 

It  is  possible,  from  the  above  characters,  that  certain  combinations  of 
picromel  (by  which  I mean  Berzelius’s  Gallenstoff)  may  have  been 
mistaken  for  resin,  and  for  albumen,  and  that  it  is  not  improbable  that 
the  only  true  albuminous  part  of  the  bile  may  be  in  that  equivocal  state 
which  is  often  called  mucus , and  which  is  especially  distinguished  by 
being  precipitable  by  acetic  acid.  Berzelius  has  suggested  an  analogy 
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between  picromel  and  the  peculiar  saccharine  matter  which  is  contained  in 
liquorice-root;  and  in  many  respects  their  chemical  properties  are  identical. 

In  the  preceding  statement,  drawn  principally  from  Berzelius,  I 
have  endeavoured  to  give  the  simplest  view  of  the  analysis  of  the  bile ; 
namely,  the  separation  of  its  muco-albumen  by  acetic  acid  or  alcohol,  and 
of  its  picromel  by  precipitation  with  acids,  and  subsequent  decomposition 
of  the  precipitate  by  carbonated  baryta  or  alkali ; its  saline  contents 
appear  closely  to  resemble  those  of  the  serum  of  the  blood  ; like  which  it 
has  an  alkaline  reaction,  due  to  soda.  I have  also  selected  such 
experiments,  as,  with  me,  hare  invariably  succeeded : the  following  re- 
sults, therefore,  of  the  analysis  of  the  bile,  as  given  by  Berzelius,  will 
now  be  intelligible  : — 


Water  ....... 

• • • 

90.44 

Picromel  (Gallenstoff),  including  fat 

* • * 

8.00 

Mucus  of  the  gall-bladder  .... 

• • • 

0.30 

Extractive,  common  salt,  and  lactate  of  soda 

• * * 

0.74 

Soda  ,*...*.. 

• • a 

0.41 

Phosphate  of  soda  and  lime,  and  traces  of  a substance  insoluble 
in  alcohol  ......... 

0.11 

The  details  of  the  other  analyses  of  the  bile,  as  given  by  the  authori- 
ties to  which  I have  referred  above,  would  be  unintelligible  if  abridged, 
and  are  too  voluminous,  to  be  inserted  here ; and,  moreover,  I have 
generally  failed  in  arriving  at  satisfactory  conclusions  in  my  endeavours 
at  a repetition  of  the  various  analytical  operations  which  are  described  ; 
I must,  therefore,  rest  satisfied  with  giving,  in  a condensed  form,  a 
general  statement  of  their  results.  According  to  Thenard,  human 
bile  contains,  water  90.90;  yellowT  bitter  resin  3.73;  yellow  matter 
generally  diffused  through  the  bile  (mucus  and  colouring-matter?) 
0.18  to  0.90;  albumen  3.82;  soda,  by  which  the  resin  is  dissolved, 
0.51  ; phosphate,  sulphate,  and  muriate  of  soda,  phosphate  of  lime, 
and  oxide  of  iron,  0.41.  Tiedemann  and  Gmelin  give  the  following 
as  the  components  of  human  bile  : 1.  fat;  2.  brown  resin;  3.  sweet  prin- 
ciple of  bile;  4.  salivary  matter;  5.  mucus;  6.  gall-brown  (colouring- 
matter?);  7-  oleic  acid,  salts,  and  minute  quantities  of  other  substances. 
Frommherz  and  Gugert  (Schweigger’s  Journal ',  l.  8)  have  arrived  at  yet 
more  complicated  results:  namely,  1.  fat;  2.  resin;  3.  sweet  principle; 
4.  osmazome;  5.  salivary  matter  (Speichelstoff);  6.  caseum;  7-  mucus; 
8.  margaric  and  other  fatty  acids,  with  phosphate,  muriate,  and  sulphate 
of  soda  and  potassa;  and  carbonate,  phosphate,  and  sulphate  of  lime.  The 
above,  and  other  chemists,  have  published  analyses  of  bile,  taken  after  death 
in  various  diseases,  but  they  present  nothing  very  important.  Tiedemann 
and  Gmelin  s elaborate  analysis  of  ox-gall  deserves  the  perusal  of  all 
chemists  concerned  in  such  inquiries:  it  contains,  according  to  L.  Gmelin, 
( Handbuch  der  Theor.  Chem .,  ii.,  1012.;  Frankfurt,  1829,)  a substance 
not  to  be  found  in  any  other  bile,  and  which  he  has  called  Taurin  or 
G all en-aspar agin : it  may  be  obtained  as  follows  : — Add  muriatic  acid  to 
ox-gall,  and  filter ; after  a few  days  a fatty  matter  appears,  which  is 
separated  by  filtration ; the  filtered  liquid  is  evaporated  to  a small  bulk, 
when  it  separates  into  two  parts — a resinous  mass,  and  a sour  fluid : the 
latter,  upon  further  evaporation,  yields  more  resinous  matter,  and  at 
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length  crystals  of  common  salt  and  taurin,  which  are  to  be  separated,  and 
the  latter  purified  a second  time  by  crystallization.  Taurin,  when  purified, 
is  in  prismatic  crystals,  neither  acid  nor  alkaline,  not  altered  by  exposure 
to  air,  inodorous,  of  a peculiar  taste,  soluble  in  about  fifteen  parts  of  cold 
water,  and  nearly  insoluble  in  absolute  alcohol ; it  is  fusible,  and  not 
decomposed  by  nitric  acid. 

In  concluding  this  subject,  I must  again  observe  that  many  of  the 
supposed  proximate  components  of  bile  are  perhaps  products  of  the  various 
operations  and  re-agents  to  which  it  has  been  submitted,  and  that  the 
analysis  of  Berzelius,  which  is  the  simplest,  is  probably  the  most  correct  : 
from  the  uncertain  operation  of  various  precipitants  upon  bile,  and  from 
the  facility  with  which  the  results  vary,  apparently  in  consequence  of  very 
trifling  causes,  there  seems  to  be  a peculiar  tendency  in  its  component 
parts  to  undergo  hitherto  unexplained  modifications. 

Biliary  Calculi,  or  Gall-stones.  These  concretions  have  been 
especially  examined  by  Gren,  Thenard,  Fourcroy,  and,  as  to  the  fatty 
matter  which  they  contain,  by  Chevreul,  (Ann.  de  Chim .,  xcv.,  5.) 
Human  gall-stones  are,  for  the  most  part,  composed  of  a crystalline 
aggregate  of  a species  of  adipocere,  or  as  it  has  been  termed  by  Chevreul, 
cholesterine  (from  bile , and  arsgso?,  solid ),  with  more  or  less  colour- 

ing-matter, muco-albumen,  and  inspissated  bile;  they  are  accordingly  of 
various  colours  and  textures,  but  generally  brittle  and  friable.  Those 
which  are  chiefly  cholesterine,  or,  as  it  should  more  properly  be  termed, 
cholestearine , are  white  and  crystalline,  and  lighter  than  water;  the 
others  are  more  tough,  coloured,  and  dense ; their  specific  gravities,  there- 
fore, vary  from  0.803  to  1.06.  Their  chemical  examination  may  be  con- 
ducted as  follows : They  may  be  powdered,  and  digested  in  water  to 
separate  the  inspissated  bile:  then  boiled  in  alcohol,  and  the  solution 
filtered  whilst  hot ; as  it  cools  it  deposits  the  cholesterine,  and  often  re- 
tains common  fat  and  its  acids  in  solution.  The  portion  which  resists 
the  action  of  alcohol  may  be  digested  in  a weak  solution  of  caustic  potassa, 
which  takes  up  colouring-matter  and  muco-albumen  : the  solution,  super- 
saturated by  acetic  acid,  deposits  these,  and  the  colouring-matter  may 
afterwards  be  removed  by  alcohol.  Any  common  albumen  may  be 
detected  by  ferrocyanuret  of  potassium  added  to  the  acetic  solution. 

Cholesterine  separates  in  white  pearly  scales  from  its  hot  alcoholic  or 
ethereal  solution  during  cooling ; it  fuses  at  about  280°,  and  when  heated 
to  about  400°,  it  sublimes : in  the  open  air  it  burns  like  wax.  Its 
ultimate  components  are  85  carbon,  12  hydrogen,  3 oxygen.  It  is  the 
most  carbonaceous  of  all  the  varieties  of  fat. 

The  gall-stones  of  the  ox  frequently  consist  chiefly  of  the  yellow 
colouring-matter  of  the  bile,  which  is  occasionally  used  by  painters,  on 
account  of  its  brightness  and  durability:  it  is  insoluble  in  water  and 
alcohol,  but  readily  soluble  in  weak  solution  of  potassa,  from  which  it  is 
thrown  down  in  green  flocks  by  muriatic  acid : nitric  acid,  cautiously 
dropped  into  a solution  of  this  colouring-matter,  gives  it  various  shades 
of  green,  blue,  and  red.  A gall-stone  from  a sow  yielded  cholesterin 
6.0,  resin  45.  soda  with  resin  3.6,  mucus,  colouring-matter,  phosphate  of 
lime  and  oxide  of  iron  45.4.  (Lassaigne.) 
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§ IY.  Saliva.  Pancreatic  Juice.  Gastric  Juice.  Lymph. 

Mucus.  Pus. 

Saliva  has  been  examined  by  Berzelius,  and  more  in  detail  by  Tiedcmann 
and  Gmelin.  ( Uber  die  Verdauung.)  The  principal  use  of  this  secretion 
appears  to  be  to  attenuate,  and  mix  with  the  food  during  mastication;  it 
is  consequently  secreted  in  great  abundance  during  a meal;  at  other 
times,  only  in  such  quantity  as  to  lubricate  the  mouth  and  parts  adjacent. 

Human  saliva  is  transparent,  viscid,  and  contains  an  animal  matter, 
frequently  termed  mucus , but  its  peculiarities  have  been  pointed  out  by 
Berzelius,  who  designates  it  salivary  matter.  ( Speich elsloff. ) Under  the 
term  mucilaginous  extractive,  a similar  principle  has  been  found  in  other 
animal  fluids.  The  specific  gravity  of  human  saliva  is  1.0043.  It  is 
generally  slightly  alkaline;  sometimes  neutral;  and  in  some  diseases 
(intermittent  fever  and  abscess)  sour;  nitric  acid  separates  from  it  trans- 
parent films.  The  salts  of  lead,  tin,  copper,  and  mercury,  and  infusion 
of  galls,  yield  with  it  a dense  white  coagulum ; it  renders  dilute  permu- 
riate  of  iron  yellow-red.  It  loses  from  99.1  to  98.81  per  cent,  by  evapo- 
ration, and  leaves  a residue  -=  0.9  to  1.19.  The  dry  residue  contains 
fatty  matter,  with  traces  of  phosphorus,  osmazome,  sulphocyanate,  muriate, 
and  acetate  of  potassa,  (with  a little  soda,)  31.25.  It  affords  to  hot 
alcohol  albuminous  matter  (easeum?)  with  a trace  of  sulphate  of  potassa, 
1.25;  salivary  matter,  with  alkaline  phosphates,  and  traces  of  sulphates 
and  muriates,  20.00 ; mucus,  with  carbonate  and  phosphate  of  lime, 
40.00,  (loss  7*5.)  By  incineration,  the  dry  residue  of  saliva  yields  21.9 
per  cent,  of  ash,  composed  of  17-8  carbonate,  phosphate,  muriate,  and  a 
little  sulphate  of  potassa,  (with  traces  of  soda,)  and  4.5  phosphate  of  lime, 
with  a little  carbonate  of  lime  and  magnesia.  (Gmelin.)  According  to 
Berzelius,  the  components  of  saliva  are,  salivary  matter  0.29,  mucus  0.14, 
osmazome  with  lactate  of  soda  0.09,  soda  0.02,  chloride  of  potassium  and 
chloride  of  sodium  0.17,  water  99.29.  By  transmitting  a current  of 
electricity  through  saliva  I obtained  indications  of  albumen,  resembling 
those  with  other  albuminous  fluids.  (Phil.  Trans.,  1809.) 

In  the  saliva  of  a person  suffering  under  diseased  lungs,  whose  per- 
spiration smelt  sour,  and  whose  gastric  juice  contained  much  acetic  acid, 
whilst  the  urine  was  highly  alkaline,  Dr.  Prout  found  free  acetic  acid. 
(Phil.  Mag.  and  Ami.,  iv.,  122.)  During  mercurial  salivation,  the  specific 
gravity  of  the  saliva  was  1 .0038,  and  contained  albuminous  flakes  ==i  0.257, 
mucus  0.367,  chloride  of  sodium  0.090,  water  99.286.  (Thomson,  Ann., 
vi.,  397.) 

In  a similar  case,  in  which  the  saliva  amounted  to  two  quarts  daily, 
Dr.  Bostock  found  it  of  a pale-yellow  colour  and  opaque;  it  deposited,  in 
the  course  of  twenty-four  hours,  viscid  films,  and  became  transparent;  it 
became  turbid  at  212°,  and  with  muriatic  acid  and  corrosive  sublimate  it 
gave  an  albuminous  precipitate : it  left,  on  evaporation,  2 per  cent,  of  dry 
residue.  (Med.  Chir.  Trans.,  xiii.,  73.) 

The  saliva  of  the  dog  and  of  the  sheep  have  been  analysed  by  Gmelin, 
and  of  the  horse,  by  Lassaigne.  (Ann.  de  Chim.  et  Pliys.,  xix.,  176.) 
The  saliva  of  the  sheep  contained  so  much  carbonate  of  soda  as  to  effer- 
vesce with  acids,  and  also  sulphocyanuret  of  potassium.  Its  solid  matter 
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amounted  to  1.2  per  cent.  That  of  the  dog  left  2.51  per  cent,  of  solid 
matter,  but  yielded  only  very  slight  traces  of  sulphocyanogen.  The  saliva 
of  the  horse  afforded  3.5  per  cent,  of  solid  residue,  and  deposited  carbonate 
and  phosphate  of  lime. 

Salivary  Concretions.  These  are  sometimes  found  in  the  salivary 
ducts  and  glands;  they  have  been  repeatedly  analyzed,  and  consist  of 
phosphate  of  lime,  carbonate  of  lime,  &c.,  and  albuminous  matter.  A cal- 
culus from  the  salivary  duct  of  a woman  sixty  years  of  age,  was  white, 
friable,  specific  gravity  ==  2.30.  It  contained  animal  matter  25,  phos- 
phate of  lime  55,  carbonate  of  lime  15,  carbonate  of  magnesia  1,  oxide  of 
iron  2?  loss  2.  (Bosson.)  A calculus  from  the  salivary  gland  of  an  ass, 
contained  91.6  carbonate  of  lime,  4.8  phosphate  of  lime,  and  3.6  animal 
matter.  (Caventou.)  A salivary  stone  from  a horse  consisted  of  85.52 
carbonate  of  lime,  7-56  carbonate  of  magnesia,  4.40  phosphate  of  lime,  and 
2.48  of  animal  matter.  (Henry,  jun.) 

Tartar  of  the  Teeth.  This  term  is  applied  to  a deposit  formed 
upon  those  parts  of  the  teeth  which  are  protected  from  the  cleansing 
influence  of  the  tongue,  and  is  most  abundant  in  the  mouths  of  persons 
who  speak  much,  and  keep  the  mouth  open,  so  as  to  allow  of  the  evapo- 
ration of  the  saliva.  It  consists  of  animal  matter  and  earthy  phosphates. 
Berzelius  obtained  from  100  parts  of  this  substance,  salivary  matter  1.0, 
mucus  12.5,  earthy  phosphates  70-0,  animal  matter  soluble  in  muriatic 
acid,  7-5.  According  to  Vauquelin  and  Laugier  it  contains,  0,13  insolu- 
ble mucus,  0.66  phosphate  of  lime,  with  a trace  of  magnesia,  0.09  car- 
bonate of  lime,  0.05  soluble  animal  matter,  0.07  water. 

Pancreatic  Juice.  This  secretion,  from  a dog,  contains,  according 
to  Gmelin,  albumen,  and  a substance  like  curd,  a small  quantity  of  mucus 
and  osmazome,  (salivary  matter?)  and  a free  acid.  Its  salts  resemble 
those  of  saliva,  excepting  sulphocyanates.  It  afforded  91.72  per  cent,  of 
water.  That  from  the  sheep  contained  1.51  substances  soluble  in  alcohol, 
0.28  soluble  in  water,  2.24  coagulated  albumen,  96.35  water.  The  sup- 
posed analogy  between  saliva  and  the  secretion  of  the  pancreas  seems, 
therefore,  to  be  disproved. 

Gastric  Juice.  The  extraordinary  solvent  powers  of  this  secretion, 
and  its  property  of  coagulating  milk  (and  other  albuminous  liquids?) 
have  been  long  known,  but  its  chemical  nature  does  not  satisfactorily 
explain  these  properties.  We  are  indebted  to  Dr.  Prout  for  the  curious 
discovery  of  the  presence  of  muriatic  acid  in  this  secretion,  (Phil.  Trans., 
1824;)  he  found  it,  together  with  acetic  acid,  in  the  gastric  juice  of  the 
rabbit,  hare,  horse,  calf,  and  dog,  and  in  the  sour  matter  thrown  up  by 
persons  suffering  from  indigestion,  a fact  also  confirmed  by  Mr.  Children. 
According  to  Tiedemann  and  Gmelin,  any  foreign  matter  in  the  stomach 
excites  this  acid  secretion,  but  especially  stimulating  food.  The  other 
properties  of  gastric  juice  will  be  mentioned  when  considering  the  pheno- 
mena of  digestion. 

Lymph.  This  term  is  applied  to  the  fluid  which  lubricates  the  dif- 
ferent cavities  of  the  body,  and  which  moistens  its  cellular  textures ; it 
sometimes  collects  in  morbid  quantity,  as  in  dropsies , and  is  found  in 
the  thoracic  duct  of  an  animal  that  has  been  kept  for  twenty-four  hours 
without  food.  The  liquid  of  some  vesications  seems,  chemically  speaking, 
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closely  to  resemble  it.  It  is  colourless,  transparent,  miscible  in  all  pro- 
portions with  water,  does  not  affect  vegetable  blues,  and  is  not  coagulated 
by  acids  or  by  alcohol.  When  evaporated  to  dryness  it  yields  slight  traces 
of  albuminous  matter. 

Its  composition,  however,  in  dropsical  cases,  is  liable  to  much  variation, 
depending  probably  upon  the  cause  of  its  accumulation,  and  the  manner 
in  which  it  has  been  thrown  out.  When  this  has  been  a very  gradual 
process  its  characters  are  those  of  common  lymph ; but  when  rapid,  or 
attended  by  inflammatory  action,  it  is  more  abundant  in  albumen,  and 
sometimes  approaches  serum  in  its  characters  and  composition — hence 
dropsical  fluids  are  often  very  dissimilarly  constituted,  as  far,  at  least,  as 
regards  quantitative  composition 

Mucus.  All  animal  fluids  of  a viscid  or  glairy  consistence,  and  not 
partaking  of  the  decided  characters  of  albumen,  were  formerly  classed 
under  this  term,  till  Mr.  Hatchett,  in  his  valuable  essays  on  animal  sub- 
stances, and  especially  in  his  observations  on  the  component  parts  of 
membrane,  showed  the  necessity  of  assigning  to  it  a more  definite  mean- 
ing. Dr.  Bostock  includes,  under  the  term  mucus , animal  substances 
which  are  soluble  in  hot  and  cold  water;  not  precipitated  by  tannin  or 
corrosive  sublimate;  not  gelatinizable;  but  which  are  thrown  down  by 
subacetate  of  lead.  Fourcroy  and  Vauquelin  improperly  compare  it  to 
gum.  Berzelius  remarks,  that  if  the  term  mucus  be  restricted  to  the 
secretion  from  what  are  termed  mucous  membranes , it  will  include  a 
variety  of  dissimilar  products,  and  in  the  paper  already  quoted,  I have 
shown  that  the  characters  generally  ascribed  to  mucus,  are  in  some  cases 
derived  from  peculiar  forms  or  combinations  of  albumen. 

The  secretion  which  is  most  appropriately  termed  mucus , is  that  from 
the  nasal  membrane ; its  properties  are  amply  given  by  Berzelius.  It 
appears  when  first  secreted  to  be  thin  and  aqueous,  but,  subject,  from  its 
situation,  to  the  constant  action  of  air,  and  to  evaporation,  it  gradually 
thickens.  It  contains  mucus  (a  peculiar  animal  principle)  5.33,  extractive 
matter  soluble  in  alcohol  and  an  alkaline  lactate  0.30,  chlorides  of  potas- 
sium and  sodium  0.56,  extractive  matter  soluble  in  water  only,  with  traces 
of  albumen  and  a phosphate,  0.35,  soda  combined  with  the  mucus  0.09, 
water  93,37-  Of  these  components  the  mucus  is  the  only  one  which  is 
peculiar  to  this  secretion;  its  properties  are  defined  by  Berzelius  as  fol- 
lows: it  swells  and  acquires  apparent  fluidity  in  water,  without  being 
actually  dissolved,  but  gives  a ropiness  to  it  when  present  to  a less  amount 
than  1 per  cent . With  pure  water  of  the  temperature  of  95°  this  appear- 


* The  human  liquor  amnii  is  ammonia- 
cal  and  albuminous;  it  yields  copious 
precipitates  with  corrosive  sublimate  and 
infusion  of  galls.  It  is  also  said  to  con- 
tain benzoic  acid  and  urea.  Soda,  mu- 
riate of  soda,  and  phosphate  and  carbo- 
nate of  lime,  are  also  contained  in  the 
amniotic  fluid  ; and  Dr.  Prout  found 
traces  of  sugar  of  milk  in  it.  {Ann.  of 
Phil.,  v.,  4 i 7-)  The  solid  contents  amount 
to  between  2 and  3 per  cent.  The  acid 
described  by  Buniva  and  Vauquelin,  as 


peculiar  to  the  liquor  amnii  of  the  cow, 
and  termed  amniotic  acid , was  found  by 
Dzondi  to  belong  to  the  liquor  of  the  allan- 
tois, or  to  the  urine  of  the  foetus.  The 
allantoic  acid  is  obtained  by  evaporating 
the  allantoic  liquid  of  the  foetal  calf : it 
forms  white  acicular  crystals,  sparingly 
soluble  in  water,  but  yielding  soluble 
salts  with  the  alkalis.  It  consists,  accord- 
ing to  Liebig,  of  (5  car  Ah  A o-\-2n.) 
(See  also  Lassaigne,  Ann.  de  Ckim.  et 
Phys .,  xxxiii.,  279.) 
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ance  ensues  in  a few  hours,  hut  if  the  apparent  solution  he  filtered,  the 
mucus  remains  upon  the  paper  and  gradually  thickens;  it  may  be 
repeatedly  dried  and  moistened  without  material  change  of  properties ; it, 
however,  becomes  less  transparent,  yellow,  and  at  length  has  a purulent 
appearance.  When  boiled  in  water  it  does  not  harden  and  shrink,  but 
becomes  tough,  and  on  cooling  is  found  to  retain  its  former  characters. 
When  dried,  it  is  yellow  and  translucent;  and  subjected  to  distillation,  it 
yields  carbonate  of  ammonia  and  empyreumatic  oil,  and  phosphate  and 
carbonate  of  lime,  and  a trace  of  carbonate  of  soda,  are  found  in  the 
residuary  ash.  It  is  soluble  in  dilute  sulphuric  acid,  and  is  blackened 
and  decomposed  by  the  concentrated  acid.  Dilute  nitric  acid  coagulates, 
and  tinges  it  superficially  yellow,  after  which  it  swells  and  becomes  viscid 
as  at  first:  when  digested  in  the  acid  it  is  entirely  dissolved.  Acetic 
acid  coagulates,  but  does  not  dissolve  it;  it,  however,  acquires  a trace  of 
albumen,  and  consequently  becomes  cloudy  on  the  addition  of  ferro- 
cyanuret  of  potassium.  Caustic  potassa  first  renders  it  more  viscid,  and 
then  dissolves  it.  Infusion  of  galls  thickens  and  coagulates  it  in  all  its 
states. 

Pus.  This,  and  the  term  purulent  matter , is  applied  to  the  secretion 
of  inflamed  and  ulcerated  surfaces,  and  its  characters  are  very  different 
according  to  the  circumstances  under  which  it  is  secreted.  When  it  in- 
dicates a healing  sore,  it  has  been  called  healthy  pus , and  has  the  follow- 
ing properties.  It  has  the  consistency  of  cream,  a yellowish  colour,  and 
exhibits,  under  the  microscope,  the  appearance  of  globules  diffused 
through  a fluid.  (Home,  On ‘Ulcers,  2d  Edit.,  p.  13.)  Its  specific  gra- 
vity is  about  1.030.  It  does  not  affect  vegetable  colours  till  it  has  been 
some  time  exposed  to  air,  when  it  becomes  slightly  sour ; it  does  not 
easily  mix  wfith  water,  alcohol,  or  dilute  acids.  (Pearson,  On  Pus , Nichol- 
sons  Journal , xxx.)  The  composition  of  pus  has  not  been  accurately 
determined,  and  there  is  no  accurate  test  by  which  it  can  be  satisfactorily 
distinguished  from  albuminous  and  mucous  secretions,  when,  as  is 
almost  always  the  case,  it  is  more  or  less  mixed  with  those  animal 
fluids. 

Tears  contain  a small  portion  of  albumen  combined  with  soda,  mu- 
riate of  soda,  and  water.  There  are  also  small  portions  of  other  salts. 

Humours  of  the  Eye.  The  aqueous  and  vitreous  humour  are  com- 
posed of  water  holding  a minute  quantity  of  albumen  and  saline  matter 
in  solution ; the  crystalline  lens  also  contains  more  than  half  its  weight 
of  water,  the  remainder  being  a peculiar  albuminous  substance  with  traces 
of  saline  substances. 

Synovia  is  the  fluid  which  lubricates  the  surfaces  of  joints.  It  con- 
tains, according  to  Mr.  Platchett  (Phil.  Trans.,  1799,)  a small  portion  of 
phosphate  of  lime,  and  of  phosphate  of  soda  and  ammonia;  the  animal 
principle  appeared  to  be  albumen. 

In  oysters , in  the  vertebral  fluid  of  the  Squalus  maximus,  and  m frog- 
spawn,  are  contained  modifications  of  mucus  ; that  of  frog-spawn  is  very 
remarkable,  from  the  extent  to  which  it  swells  up  in  water,  forming  a 
very  bulky  and  transparent  jelly,  so  that  a piece  not  larger  than  a pea  of 
the  recently-emitted  gelatinous  matter  that  envelops  the  ova  of  the  frog, 
will  gradually  absorb  and  gelatinise  8 or  10  ounces  of  water. 
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Urine.  This  secretion  carries  off  several  substances  from  the  blood, 
which  may  he  termed  excremcntitious,  and  which  would  be  injurious  if 
retained  ; these  substances  are,  for  the  most  part,  abundant  in  nitrogen. 
The  quantity  of  urine  which  is  formed,  or  secreted,  in  the  ordinary  and 
healthy  state  of  the  system,  is  very  variable,  depending  upon  the  quan- 
tity of  liquids  taken  into  the  stomach,  the  extent  of  perspiration,  and 
apparently,  in  many  cases,  upon  the  dry  or  humid  state,  of  the  atmo- 
sphere, a cause  by  which  the  abstraction  of  moisture  by  the  skin  is 
greatly  modified.  Between  30  and  40  ounces  may,  perhaps,  be  considered 
as  the  average  quantity  of  the  urine  voided  by  a healthy  person,  living 
upon  ordinary  diet,  in  the  course  of  each  24  hours. 

But  the  quality  of  the  urine  is  no  less  variable  than  its  quantity ; so 
that  its  density  is  perpetually  varying ; sometimes  its  specific  gravity 
scarcely  exceeds  that  of  water;  at  others,  it  rises  to  1.030,  or  even  in 
some  diseased  states,  to  1.040 ; that  which  is  voided  in  the  morning  by  a 
person  who  has  eaten  and  drunk  moderately  of  usual  diet  is  usually  a 
little  on  one  side  or  other  of  1.020. 

Recent  healthy  urine  always  has  more  or  less  of  an  acid  reaction 
upon  tests ; after  it  has  stood  in  an  open  vessel  for  a few  hours,  this 
acidity  gradually  becomes  less  apparent,  and  it  generally  deposits  a little 
mucus,  containing  traces  of  acid  urate  of  ammonia.  It  is  extremely 
prone  to  other  and  more  complicated  changes,  and  in  warm  weather,  it 
begins  in  the  course  of  a few  hours  to  acquire  new  properties : it  be- 
comes alkaline,  acquires  a higlily-disagreeable  odour,  and  lets  fall  a 
whitish  sediment,  consisting  chiefly  of  ammonio-magnesian  phosphate, 
and  phosphate  of  lime  ; it  afterwards  smells  ammoniacal,  and  is  found  to 
hold  carbonate  of  ammonia  in  solution.  Similar  changes  may  be  effected 
by  continued  boiling ; they  are  chiefly  referable  to  the  decomposition  of 
the  characteristic  ingredient  of  the  urine,  namely  urea,  a substance 
which  is  easily  resolved  into  carbonate  of  ammonia. 

The  substances  always  found  in  healthy  urine  are  the  following : 


1.  Water. 

2.  Carbonic  acid. 

3.  Phosphoric  acid,  or  super- 
phosphate of  lime. 

4.  Uric  acid,  or  superurate  of 
ammonia. 

5.  Phosphate  of  lime. 

To  which  may  probably  be  added, 

13.  Fluoric  acid. 

14.  Benzoic  acid, 

15.  Acetic  or  lactic  acid. 

16.  Gelatine. 

17-  Lactate  or  acetate  of  ammonia. 
18.  Sulphate  of  potassa. 


6.  Phosphate  of  ammonia. 

7.  Phosphate  of  soda. 

8.  Phosphate  of  magnesia. 

9.  Common  salt. 

10.  Sulphate  of  soda. 

11.  Albumen. 

12.  Urea. 


19.  Fluate  of  lime. 

20.  Muriate  of  ammonia. 

21.  Sulphur. 

22.  Silica. 

23.  Mucus. 

24.  Colouring  and  odorous  matter. 


To  this  extensive  list  may  be  added  a great  variety  of  occasional  or 
accidental  ingredients  derived  from  particular  kinds  of  food  or  medicine, 
and  which  pass  oft’  by  the  kidneys  ; and  lastly,  certain  substances  which 
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are  apparently  products  of  disease,  such  as  oxalic  acid  or  oxalate  of  lime, 
carbonate  of  lime,  cystic  oxide,  sugar,  and  nitric  acid. 

From  this  complicated  character  of  the  urine,  from  the  variations  to 
which  the  quantity  and  quality  of  its  components  are  liable,  and  from  the 
facility  with  which  it  passes  into  a state  of  decomposition,  and  is  modi- 
fied by  heat  and  other  chemical  agents,  it  becomes  extremely  difficult  to 
give  even  an  average  statement  of  the  relative  proportions  of  its  usual 
ingredients  ; as  a specimen,  however,  of  such  an  attempt,  I quote  the 
following  from  Berzelius  : 


Water  ......... 

933.00 

Urea  ......... 

30.10 

Sulphate  of  potassa  ...... 

3.71 

Sulphate  of  soda  ....... 

3.16 

Phosphate  of  soda  ....... 

2.94 

Muriate  of  soda  ....... 

4.45 

Phosphate  of  ammonia  ...... 

1.65* 

Muriate  of  ammonia  ...... 

1.50 

Free  lactic  acid  (acetic)  ...... 

Lactate  of  ammonia  (acetate)  . . . . | 

Animal  matter  soluble  in  alcohol  . . . . j 

[ 17.14 

Urea  not  separable  from  the  preceding  . . J 

Earthy  phosphates,  with  a trace  of  fluate  of  lime 

1.00 

Uric  acid  ......... 

1.00 

Mucus  of  the  bladder  ...... 

0.32 

Silica  •••»•*•»• 

0.03 

1000 


A question  has  arisen  as  to  the  existence  of  free  acid  in  the  urine,  as 
stated  by  Berzelius  and  others  ; Dr.  Prout  regards  the  acidity  of  the 
urine  as  the  result  of  the  presence  of  acid  or  super-salts,  and  especially 
of  superphosphate  of  lime  and  superurate  of  ammonia.  Dr.  Turner  ob- 
serves, u that  a very  strong  argument,  which  to  him  appears  conclusive 
in  favour  of  this  view  is,  that  on  adding  muriatic  acid  to  recent  urine, 
minute  crystals  of  uric  acid  are  gradually  deposited,  as  always  happens 
when  this  acid  subsides  slowly  from  a state  of  solution ; but  on  the  con- 
trary, if  no  free  acid  is  added,  an  amorphous  sediment,  which  Dr.  Prout 
regards  as  superurate  of  ammonia,  is  obtained.”  We  know,  however,  too 
little  of  the  mutual  actions  of  the  complex  ingredients  of  the  urine,  to 
sanction  this  opinion ; carbonic  acid  is  certainly,  sometimes  at  least,  pre- 
sent in  a free  state ; and  whether  other  acids  may  or  may  not  exist  free, 
and  therefore  in  variable  quantities  in  reference  to  the  bases,  is,  I think, 
a question  which  cannot,  at  present,  be  determined.  At  all  events,  the 
presence  of  free  acid  in  certain  morbid  states  of  the  urine,  cannot  admit 
of  a doubt.  One  important  consequence  of  the  acid  state  of  the  urine 
appears  to  be  the  retention  of  certain  difficultly-soluble  salts  in  perma- 
nent solution;  for  whenever  the  urine  is  neutralized  by  an  alkali,  these 
are  more  or  less  precipitated  ; an  effect  of  this  kind  not  unfrequently 
takes  place  in  the  body,  as  we  see  from  the  turbid  state  in  which  the 
urine  is  voided  after  sufficient  doses  of  the  caustic  or  carbonated  alkalis, 
or  of  magnesia. 

The  properties  and  composition  of  the  ordinary  acids,  bases,  and  salts 
of  the  urine,  are  already  before  the  reader ; the  chemical  history  of  urea, 
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and  of  uric  acid,  bodies  which  peculiarly  characterize  urine,  remain  to  he 
noticed. 

Urea  is  the  principle  which  confers  upon  urine  its  chief  peculiarities. 
It  may  be  obtained  by  slowly  evaporating  urine  to  the  consistency  of 
syrup  ; on  cooling  it  concretes  into  a saline  mass,  which,  by  digestion  in 
alcohol,  furnishes  urea.  By  carefully  distilling  off  the  alcohol,  the  urea 
remains  in  the  form  of  a brown  crystallized  mass,  which,  by  purification, 
furnishes  colourless  prismatic  crystals.  Or,  concentrated  nitric  acid  may 
be  added  to  the  brown  urea,  which  forms  with  it  a crystallized  mass, 
which,  after  having  been  washed  with  a little  cold  water,  is  to  be  dried 
by  pressure  in  blotting-paper.  The  nitrate  of  urea  thus  formed  is  to  be 
decomposed  by  neutralizing  it  with  a strong  solution  of  carbonate  of 
potassa,  and  the  solution  set  aside  after  having  been  duly  evaporated,  to 
separate  the  nitre  by  crystallization.  The  mother-liquor,  which  is  an 
impure  solution  of  urea,  is  mixed  with  animal  charcoal  into  a paste, 
which,  after  some  hours,  is  lixiviated  with  cold  water ; the  urea  is  dis- 
solved, and  the  solution  evaporated  to  dryness,  at  a low  temperature. 
The  residue  is  then  digested  in  pure  alcohol,  which  deposits  crystals  of 
urea  on  cooling.  (Prout,  Med.  Chir.  Trans.,  viii.) 

The  form  of  these  crystals  is  a four-sided  prism  ; they  are  transparent, 
colourless,  of  a peculiar  and  cooling  taste,  a faint,  but  not  urinous  odour, 
neutral,  slightly  deliquescent,  and  of  a specific  gravity  =1.35.  Urea  dis- 
solves in  about  its  weight  of  water  at  60°,  and  in  5 parts  of  cold,  and  1 
of  boiling  alcohol.  This  solution  is  not  prone  to  decomposition  unless 
other  ingredients  of  the  urine  be  present ; it  is  then,  by  continued  ebul- 
lition, almost  entirely  resolved  into  carbonate  of  ammonia.  Urea  is  also 
decomposed  by  the  caustic  alkalis  and  alkaline  earths.  It  fuses  at  250°, 
and  at  a somewhat  higher  temperature  it  is  resolved  into  carbonate  of 
ammonia  and  cyanuric  acid.  Although  not  alkaline,  urea  forms  definite 
and  crystallizable  compounds  with  nitric  and  oxalic  acids  ; and  this  pro- 
perty forms  a good  characteristic  test  of  the  presence  of  urea. 

Urea  consists  of 


Carbon  . . . . 1 

Hydrogen  ...  2 

Oxygen  . . . . 1 

Nitrogen  . . . 1 


0 

2 

8 

14 


Prout. 

20.00  . . 19.975 

0.67  • • G.650 

26.66  . . 2G.G50 

40. 07  . . 40.050 


Urea 


30 


100.00  99.925 


By  referring  to  the  composition  of  cyanic  acid,  ammonia,  and  water, 
it  will  be  apparent  that  2 atoms  of  urea  =2  ( COLT  + 2 h-\-0  + 71)  are 
equivalent  to,  and  contain  the  elements  of  1 atom  of  hydrated  cyanate 
of  ammonia  = (A  + cy'  + q)  or  (71  + 3h)  + (7l+  2 Car + 0) + (/l  + 0). 
Hence  the  production  of  urea  by  the  mutual  action  of  ammonia,  cyanic 
acid,  and  water,  as  by  decomposing  cyanate  of  silver  by  muriate  of  am- 
monia, or  cyanate  of  lead  by  a solution  of  ammonia ; in  the  latter  case, 
oxide  of  lead  falls,  and  it  might  be  presumed  that  cyanate  of  ammonia 
would  be  formed,  but  on  evaporating  the  filtered  liquor,  quadrangular 
crystals  are  obtained,  which  yield  no  ammonia  by  the  action  of  potassa, 
nor  do  they  precipitate  solutions  of  lead  or  of  silver,  as  is  the  case  with 

4 F 


URIC  ACID. 


1170 

the  soluble  cyanates  ; in  this  case,  therefore,  urea  is  formed  artificially , 
and  it  presents  a curious  case  of  isomerism. 

Uric  Acid.  Lithic  Acid.  This  acid  has  been  mentioned  as  one 
of  those  which  are  found  in  human  urine;  it  often  constitutes  urinary 
concretions  ; it  is  found  in  the  urine  of  birds  of  prey  and  of  those  which 
feed  on  fish  and  animal  matter ; it  is  also,  however,  abundant  in  the  ex- 
crement of  the  parrot  and  of  other  birds  which  feed  upon  vegetables  only. 
It  occurs  in  the  excrement  of  large  snakes,  especially  that  of  the  Boa  con- 
strictor, which  consists  of  white  nodules  containing  little  else  than  urate 
of  ammonia.  From  this  substance,  uric  acid  may  be  obtained,  by  pow- 
dering it,  digesting  and  dissolving  it  in  solution  of  caustic  potassa,  and 
dropping  the  solution  into  dilute  sulphuric,  muriatic,  or  acetic  acid ; the 
precipitate,  when  thoroughly  edulcorated  and  dried,  is  pure  uric  acid.  It 
is  a white,  tasteless,  inodorous  powder,  nearly  insoluble  in  water,  requiring, 
according  to  Prout,  10,000  parts  of  water  at  60°  for  solution ; it  is 
insoluble  in  alcohol  and  in  ether,  it  reddens  litmus,  and  combines  with 
bases.  When  mixed  with  nitric  acid,  and  evaporated  carefully  to  dry- 
ness, a crimson  or  scarlet  compound  remains,  which  becomes  bright 
purple  when  moistened  with  ammonia ; this  is  a ready  and  characteristic 
test  of  uric  acid. 

Uric  acid  is  decomposed  by  chlorine;  when  dry,  and  heated  in  the 
gas,  cyanic  and  muriatic  acids  are  formed;  if  moist , cyanic  and  carbonic 
acids,  while  muriate  and  carbonate  of  ammonia  remain  in  solution. 
When  uric  acid  is  distilled  per  se  it  yields  carbonate  and  hydrocyanate  of 
ammonia,  and  a sublimate  of  pyro-uric  or  cyanuric  acid*. 

Dry  uric  acid,  consists  of 


Liebig. 

Pro  ut. 

Carbon  . . 

. 5 . . 

30 

/.  . 35.7 

. . 36.11 

. . 39.875 

Hydrogen  . 

. 2 . . 

2 

2.3 

. . 2.34 

2.225 

Oxygen 

. 3 . . 

24 

. . 28.6 

. . 28.19 

. . 26.775 

Nitrogen 

. 2 . . 

28 

. . 33.4 

. . 33.36 

. . 31.125 

Uric  acid  . . . 

. I 

84 

100.0 

100.00 

100.000 

* Cyanuric  acid  may  also  be  obtained 
from  urea , which,  when  gradually  heated 
in  a retort  to  about  600°  is  resolved  into 
ammonia  and  anhydrous  cyanuric  acid  ; 
the  latter  remains  in  the  retort ; to  purify 
it,  it  is  dissolved  in  hot  sulphuric  acid, 
and  nitric  acid  dropped  in  till  it  occasions 
no  further  effervescence,  and  the  solution 
becomes  colourless : when  cold,  water  is 
added,  which  throws  down  cyanuric  acid 
in  the  form  of  a white  crystalline  powder. 
It  may  be  obtained  in  large  crystals,  by 
-evaporating  its  hot  saturated  solution  to 
about  half  its  bulk,  at  a temperature  of 
150°,  and  allowing  it  gradually  to  cool 
upon  the  sand-bath.  Cyanuric  acid  is 
remarkably  unchangeable  by  the  action 
of  acids,  and  when  heated  it  sublimes 
unchanged  in  the  form  of  acicular  crys- 
tals. It  may  be  obtained  anhydrous , by 


dissolving  the  crystals  in  hot  sulphuric 
acid,  from  which  it  is  deposited  on  cool- 
ing. According  to  Wohler  and  Liebig, 
cyanuric  acid  consists  of  3 atoms  of 
cyanogen,  3 hydrogen,  and  6 oxygen ; so 
that  its  ultimate  components  are 


Carbon 

6 

. 36 

. 27.8 

Nitrogen 

3 

. 42 

. 32.6 

Hydrogen  . 

3 

. 3 

2.4 

Oxygen 

6 

. 48 

. 37.2 

Cyanuric  acid 

1 

129 

100.0 

The  conversion  of  hydrous  cyanic  acid, 
and  of  urea,  into  cyanuric  acid,  and  other 
cases  of  its  formation,  will  be  intelligible 
by  reference  to  its  ultimate  components ; 
the  hypothetical  arrangements  of  which 
these  will  admit  are  too  numerous  to  be 
here  inserted. 
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Dr.  Prout’s  latest  analysis,  above  quoted,  gives  0*  instead  of  5 atoms 
of  carbon,  and  places  the  equivalent  of  uric  acid  at  90  instead  of  84. 
The  analyses  of  the  urates,  are  not,  however,  sufficiently  numerous,  to 
enable  us  accurately  to  determine  the  equivalent  of  the  uric  acid,  and 
Liebig  has  adduced  strong  evidence  in  favour  of  the  above  atomic  consti- 
tution. (Ann.  de  Ch'nn.  et  Phijs .,  lv.  58.) 

Urate  of  Ammonia.  (A  ■\-TLT’.')  The  neutral  urate  of  ammonia  is 
soluble,  according  to  Prout,  in  480  parts  of  water  at  60°,  and  the  solution 
yields  a precipitate  of  uric  acid  on  the  addition  of  the  other  acids  : 
triturated  with  solution  of  potassa  it  evolves  ammonia:  this  salt  occurs 
in  the  urine,  and  in  urinary  calculi;  but  according  to  Coindet  the  excre- 
ment of  snakes  and  birds  contains  a hinurate  of  ammonia. 

Urate  of  Potassa  (P  + ZZW)  is  formed  by  digesting  uric  acid  in  a 
warm  solution  of  caustic  potassa,  till  it  is  neutral;  on  cooling,  the  salt  is 
deposited  in  granular  crystals,  or  by  slow  evaporation,  in  crystalline  scales 
soluble  in  about  500  parts  of  cold  water;  but  it  is  more  soluble  in  boiling 
water,  especially  if  there  be  excess  of  alkali ; in  this  case,  however,  the 
neutral  urate  is  also  deposited.  When  urate  of  potassa  is  dissolved  in 
solution  of  potassa,  carbonic  acid  throws  it  down  in  the  form  of  a bulky 
gelatinous  precipitate;  it  is  also  precipitated  by  carbonate  of  ammonia. 
When  the  dry  salt  is  exposed  to  air  it  absorbs  carbonic  acid,  and  carbonate 
and  binurate  of  potassa  are  formed;  digested  in  a solution  of  carbonate  of 
potassa,  uric  acid  forms  a transparent  gelatinous  hydrated  urate  of  potassa, 
and  the  solution  contains  bicarbonate  of  potassa.  When  subjected  to 
destructive  distillation,  urate  of  potassa  leaves  cyanuret  of  potassium. 
When  uric  acid  is  fused  with  caustic  potassa,  ammonia  is  evolved,  and 
oxalate  of  potassa  formed. 

Urate  of  Soda.  (S  + ZZZA)  The  mutual  action  of  uric  acid  and 
solution  of  caustic  soda,  resembles  that  of  potassa.  This  salt  constitutes 
the  white  concretions  which  form  in  the  joints  of  gouty  persons,  and 
which  are  called  chalk-stones.  (WTollaston.) 

Urate  of  Lime.  (C  4-ZZTf)  The  solution  of  uric  acid  in  lime-water 
yields  pulverulent  or  minute  acicular  crystals  of  this  salt.  The  addition 
of  muriatic  acid  to  the  solution,  throws  down  a hinurate  of  lime. 

Urate  of  Baryta  (B  -fiZZ-W)  may  be  formed  by  digesting  uric  acid  in 
baryta-water ; or  by  adding  urate  of  potassa  to  soluble  barytic  salts. 
Urate  of  strontia  and  urate  of  magnesia  may  also  be  obtained  by  double 
decomposition:  according  to  Wetzlar,  when  uric  acid  is  boiled  in  water 
with  the  earthy  carbonates,  carbonic,  acid  is  expelled,  and  urates  of  the 
bases  are  formed.  Many  of  the  metallic  urates  may  be  formed  by  double 
decomposition : the  urate  of  mercury  so  obtained  yields,  when  heated, 
carbonic  and  hydrocyanic  acid,  and  much  cyanic  acid,  but  no  free 
cyanogen.  (Wohler.) 

Purpuric  Acid.  This  compound  was  first  accurately  examined  and 
distinguished  as  a peculiar  acid,  by  Dr.  Prout,  (Phil.  Trans.,  1818.)  Its 
name  indicates  the  colour  of  its  compounds,  for,  though  colourless  itself, 
it  produces  purple  salts.  It  may  be  obtained  as  follows:  (Turners 
Elements .)  “ Let  200  grains  of  uric  acid  prepared  from  the  urine  of  the 

Boa  constrictor  be  dissolved  in  800  grains  of  pure  nitric  acid,  diluted  with 
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an  equal  weight  of  water,  the  uric  acid  being  added  gradually,  in  order 
that  the  heat  may  not  be  excessive.  Effervescence  ensues  after  each 
addition,  nitrous  acid  fumes  appear,  heat  is  evolved,  and  a colourless 
solution  is  formed,  which  on  standing  in  a cool  place  for  some  hours, 
yields  colourless  crystals  which  have  the  outline  of  an  oblique  rhomboidal 
prism.  By  gentle  evaporation,  an  additional  quantity  may  he  obtained. 
They  contain  nitric  and  purpuric  acid,  and  ammonia;  should  be  dissolved 
in  water,  and  be  exactly  neutralized  by  pure  ammonia,  and  the  liquid 
then  digested  in  a solution  of  potassa  until  the  ammonia  is  wholly 
expelled : on  pouring  this  solution  into  dilute  sulphuric  acid,  purpuric 
acid  is  set  free,  which  being  insoluble  in  water,  subsides  as  a granular 
powder,  of  a white  colour  if  pure,  but  commonly  of  a yellowish-white 
tint.”  Dr.  Turner  observes  u that  considerable  uncertainty  prevails  as  to 
the  nature  of  purpuric  acid.  Vauquelin  denied  that  its  salts  have  a 
purple-colour,  attributing  that  tint  to  some  impurity;  and  Lassaigne  is 
inclined  to  the  same  opinion;  (Ann.  de  Chim.  etPliys.,  xxii.  334;)  but 
from  the  intense  colour  given  even  by  a very  minute  quantity  of  purpuric 
acid,  the  opinion  of  Dr.  Prout  appears  to  me  the  more  probable.  The 
composition  of  the  acid  is  likewise  unsettled,  for  Prout  has  expressed  a 
doubt  of  the  accuracy  of  the  analysis  which  he  formerly  published.” 

Dr.  P rout's  analysis  represented  Purpuric  acid  as  (2  COLT  + 2 h 
+ 2 0-\-7l)  its  equivalent  being  44.  This  acid  reddens  in  the  air,  either 
from  the  formation,  or  absorption  of  ammonia:  it  reddens  when  heated, 
and  burns  away  without  any  peculiar  odour.  It  is  decomposed  by  con- 
centrated nitric  acid  and  by  chlorine.  It  requires  more  than  10,000  parts 
of  water  for  solution,  and  is  soluble  (without  decomposition,)  in  sulphuric 
acid.  It  expels  carbonic  acid  from  the  carbonated  alkalis,  and  forms  red 
salts,  most  of  which  contain  2 atoms  of  acid  to  1 of  base. 

Purpurate  of  Ammonia  forms  four-sided  prisms  of  a red  colour  and 
sweetish  taste,  soluble  in  1500  of  cold  and  in  much  less  of  hot  water,  and 
insoluble  in  alcohol  and  ether : the  aqueous  solution  is  carmine-red. 
Purpurate  of  potassa  is  dark -brownish  purple,  and  much  more  soluble  in 
water  than  purpurate  of  ammonia.  Purpurate  of  soda  requires  3000 
parts  of  water  at  60°  for  solution.  Purpurate  of  baryta  is  thrown  down 
in  the  form  of  a dark-green  powder,  on  mixing  acetate  of  baryta  with 
purpurate  of  ammonia;  its  aqueous  solution  is  purple.  Purpurate  of  lime 
is  greenish-brown,  and  yields  a purple  solution  with  hot  water.  Pur- 
purate of  magnesia  is  very  soluble.  Purpuric  acid  readily  dissolves  in 
heated  acetic  acid,  but  not  in  tartaric,  citric,  or  oxalic  acid.  (Prout.) 

Brugnatelli,  under  the  name  of  Erythric  acid , (from  sfvfycaveiv,  to 
redden ,)  has  described  a substance  which  Dr.  Prout  regards  as  the  crys- 
tallized compound  of  nitric  and  purpuric  acid  and  ammonia,  above 
mentioned.  The  rosacic  acid  of  Proust  appears  to  be  a modification  of 
uric  acid,  perhaps  tinged  with  a little  purpurate  of  ammonia:  it  forms 
what  is  usually  termed  the  lateritious  sediment  which  is  deposited  by  urine 
in  the  course  of  some  febrile  disorders. 

Composition  of  urine  in  diseases.  The  urine  is  liable  to  infinite 
modifications  both  in  the  quantity  and  quality  of  its  components,  and 
when  these  are  regular  or  constant,  or  when  they  exceed  certain  limits, 
they  are  regarded  as  constituting  morbid  states  of  the  secretion. 
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I hare  already  adverted  to  the  new  characters  which  the  urine  some- 
times acquires  from  particular  kinds  of  food  or  medicine.  Odorous 
principles  are  often  carried  off  by  it,  as  in  the  case  of  asparagus,  oil 
of  turpentine,  and  several  other  varieties  of  volatile  oil.  During  a 
course  of  mercurial  friction,  mercury  is  said  to  have  been  found  in  the 
sediment,  which,  in  such  cases,  is  generally  deposited  ; and  traces  of  iron 
have  been  found  during  a course  of  chalybeate  remedies.  Nitre,  ferro- 
cyanuret,  and  sulpho-cyanuret  of  potassium,  iodine,  and  iodic  salts,  several 
borates,  carbonates,  chlorates,  and  even  silicates,  and  many  of  the  acids 
and  alkalis,  have  also  been  traced  passing  off  from  the  stomach  by  the 
kidneys;  some  of  the  vegetable  salts  with  alkaline  bases  appear  to  suffer 
such  decomposition,  as  to  act  upon  the  urine  in  the  manner  of  free  alkalis, 
the  acid  being  decomposed,  probably  by  the  process  of  digestion.  Among 
the  substances  which  pass  off  by  urine,  none  are  more  remarkable,  or  more 
easily  observed,  than  colouring-matters  of  vegetable  origin,  such  as  those  of 
many  fruits,  logwood,  madder,  rhubarb,  and  also  several  astringents ; these 
sometimes  are  not  apparent,  till  the  urine  is  tested  by  an  alkali,  or  by 
solution  of  iron.  The  mineral  acids,  alcohol,  ether,  camphor,  empyreu- 
matic  oils,  musk,  the  colouring-matters  of  cochineal,  litmus,  and  sap-green 
(which  is  the  green  extractive  of  the  Rhamnus  cathartieus ) and  others, 
insoluble  in  water,  are  said  not  to  pass  by  urine  in  an  unchanged  state. 

In  many  diseases,  there  is  an  excessive  secretion  of  acid  along  with 
the  urine ; this  is  sometimes  uric  acid , which  we  shall  presently  refer  to, 
and  sometimes  oxalic  or  even  nitric  acid,  neither  of  which  belong  to 
healthy  urine ; I have  also  observed  a peculiar  acid  state  of  urine 
depending  upon  a volatile  acid,  which  I believe  to  be  either  the  acetic, 
or  lactic.  Nor  is  an  alkaline  state  of  urine,  or  at  least  a deficiency  in 
the  proper  proportion  of  acid,  at  all  uncommon ; it  is  often  the  result  of 
particular  food  and  medicine,  and  sometimes  habitual;  in  such  cases,  the 
urine  has  a tendency  to  a white  deposit,  or  film ; and  is  generally 
opalescent,  when  voided,  or  speedily  becomes  so.  This  is  generally  the 
case  in  injuries  of  the  spine  affecting  the  nerves  which  supply  the 
kidneys,  and  in  these  cases  ammoniacal  urine  is  sometimes  voided. 

The  relati  ve  proportion  of  urea  fluctuates  on  one  side  or  other  of  the 
healthy  standard,  from  a variety  of  causes  : when  it  is  defective,  the 
urine  loses  its  putrefactive  tendency,  and  when  long  boiled  or  heated, 
there  is  not  that  production  of  ammonia  which  belongs  to  healthy  urine. 
In  inflammatory  affections  of  the  liver,  in  hysteria,  in  some  cases  of 
excessive  secretion  of  albuminous  matter,  and  in  some  of  diabetes,  there 
is  this  deficiency  of  urea.  In  other  cases,  urea  is  in  excess,  so  that 
nitric  acid  added  to  the  urine  causes  a deposition  of  nitrate  of  urea. 
Dr.  Prout  judges  of  the  presence  of  excess  of  urea,  by  putting  the  urine 
into  a watch-glass,  and  dropping  in  a little  nitric  acid,  so  as  to  collect  at 
the  bottom ; if  there  be  a separation  of  crystals  of  nitrate  of  urea  in  the 
course  of  less  than  half  an  hour,  that  ingredient  is  probably  present  in 
morbid  proportion. 

Albumen  is  a common  ingredient  in  healthy  urine,  .but  always  in 
very  small  relative  proportion ; in  some  cases  of  disease,  it  is  so  abun- 
dant as  to  coagulate  by  heat,  or  even  sometimes,  spontaneously,  within 
the  bladder : it  is  also  recognised  by  the  precipitate  which  it  affords  to 
ferrocyanuret  of  potassium;  but  in  applying  this  test,  and,  indeed 
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generally,  in  judging  of*  the  state  of  the  urine  of  any  individual,  it 
should  be  previously  ascertained  that  it  is  not  naturally  subject,  (which 
is  at  times  the  case,)  to  excess  or  deficiency  of  this,  or  others  of  its 
components.  In  some  forms  of  dropsy,  especially  where  there  is  renal 
disease,  excess  of  albumen  is  often  observed ; in  these  instances  the 
urine  is  scanty,  and  its  specific  gravity  below  the  usual  average,  in  con- 
sequence of  deficiency  in  saline  matter  and  in  urea;  and  it  deserves 
notice,  that  in  some  such  cases,  urea  has  apparently  existed  in  the  blood. 

A peculiar  red  colouring-matter,  differing  from  any  uric  or  purpuric 
combination,  is  sometimes  present  in  the  urine,  associated  with  the  late- 
ritious  sediment ; it  is  soluble  in  alcohol,  but  has  not  been  accurately 
examined.  Messrs.  Brett  and  Bird  have  adverted  to  such  cases  in  a 
paper  published  in  the  Medical  Gazette , for  August,  1 834.  A blue  and 
black  colouring-matter  have  been  observed  in  the  urine,  but  they  are  of 
very  rare  occurrence  ; the  former  is  the  cyanurin  of  Braconnot,  and  the 
latter  the  melanic  acid  of  Prout?  These  appear  to  be  peculiar  organic 
compounds  ; the  former  has  apparently  been  mistaken  for  Prussian-blue. 
The  yellow,  brown,  or  green  tint,  which  urine  sometimes  acquires,  in 
jaundice  and  obstructions  of  the  liver,  seems  to  depend  upon  the  presence 
of  bile  or  of  its  colouring-matter.  In  these  cases,  muriatic  acid  brightens 
the  colour,  or  renders  it  green. 

The  most  extraordinary  morbid  change  which  urine  suffers,  is  that 
connected  with  the  formation  of  sugar  in  the  disease  called  diabetes * 
This  urine  does  not  easily  putrefy,  and  may  be  made  to  undergo  vinous 
fermentation ; it  is  usually  of  a pale  colour,  and  more  or  less  sweet  to 
the  taste,  and  its  specific  gravity  commonly  above  the  healthy  standard  * ; 

* The  following  table  constructed  by  Dr.  Henry,  shows  the  quantity  of  solid 
extract,  in  a wine-pint  of  urine  of  different  specific  gravities,  from  1.020,  to  1.050. 
In  the  experiments  which  furnished  the  data  of  this  table,  the  urine  was  evapo- 
rated by  a steam-heat  till  it  ceased  to  lose  weight,  and  left  an  extract  which 
became  solid  on  cooling.  ( Med . Chir.  Trans.,  ii.,  118.)  This  is  a useful  table  to  the 
medical  practitioner,  who,  in  cases  of  diabetes,  may  draw  important  inferences 
respecting  the  progress  of  the  disease,  and  the  influence  of  medicines,  from  the 
differing  density  of  the  urine. 


Specific  gravity 
compared  with 
1000  parts  ot 
water  at  60°. 

Quantity  of 
solid  extract 
in  a 

wine- pint. 

Quantity  of 
solid  extract 
in  a 

wine-pint,  in 

Specific  gravity 
compared  with 
1000  parts  of 
water  at  60Q. 

Quantity  of 
solid  extract 
in  a 

wine-pint. 

Quantity  of 
solid  extract 
in  a 

wine-pint,  in 

grs. 

oz. 

dr. 

scr.  grs. 

grs. 

oz 

dr. 

scr.  grs. 

1020 

382.4 

0 

6 

1 2 

1036 

689.6 

1 

3 

1 9 

1021 

401.6 

0 

6 

2 1 

1037 

708.8 

1 

3 

2 8 

1022 

420.8 

0 

7 

0 0 

1038 

728.0 

1 

4 

0 8 

1023 

440.0 

0 

7 

1 0 

1039 

747.2 

1 

4 

1 7 

1024 

459.2 

0 

7 

1 19 

1040 

766.4 

l 

4 

2 6 

1025 

478.4 

0 

7 

2 18 

1041 

785.6 

1 

5 

0 5 

1026 

497.6 

1 

0 

0 17 

1042 

804.8 

1 

5 

1 4 

1027 

516.8 

1 

0 

1 16 

1043 

824.0 

1 

5 

2 3 

1028 

536.0 

1 

0 

2 16 

1044 

843.2 

1 

6 

0 3 

1029 

555.2 

1 

1 

0 15 

1045 

862.4 

1 

6 

1 2 

1030 

574.4 

1 

1 

1 14 

1046 

881.6 

1 

6 

2 1 

1031 

593.6 

1 

1 

2 13 

1047 

900.8 

1 

7 

0 0 

1032 

612.8 

1 

2 

0 12 

1048 

920.0 

1 

7 

1 0 

1033 

632.0 

1 

2 

1 12 

1049 

939.2 

1 

7 

1 19 

1034 

651.2 

1 

2 

2 11 

1050 

958.4 

1 

7 

2 18 

1035 

670.4 

1 

3 

0 10 
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it  is  not,  as  is  often  supposed,  destitute  of,  and  even  generally  I believe, 
not  deficient  in  urea. 

Diabetic  Sugar  may  be  obtained  by  evaporating  such  urine  to  the 
consistency  of  syrup,  and  keeping  it  in  a warm  place,  when  a granular 
mass  is  obtained  which  must  be  washed  with  cold  alcohol  to  abstract  the 
colouring-matter ; it  may  then  be  dissolved  in  boiling  alcohol,  and  purified 
by  repeated  solution  and  crystallization,  or  by  the  help  of  animal 
charcoal.  It  is  a granular  sugar,  resembling  grape-sugar  (p.  90G,)  in 
appearance  and  composition : it  consists,  according,  to  Prout,  of  40.00 
carbon,  6.07  hydrogen,  and  53.33  oxygen,  per  cent. 

The  following  analyses  of  diabetic  urine  are  by  Meisner ; the  diffier- 


ent  samples  were  taken  at  different  periods  from 

the  same  individual. 

1. 

11. 

nr. 

Substances  soluble  in  ether : urea,  lactic  acid,] 
lactate  of  lime,  extractive  . . . 1 

\ 0.34 

. . 0.33 

. . 0.65 

Substances  soluble  in  alcohol : sugar,  extrac-] 
tive,  salts  ......  1 

[ 7.06 

. . 3.46 

. . 5.76 

Substances  soluble  in  water  : extractive,  salts 

1.37 

. . 3.44 

. . 0.99 

Mucus,  with  phosphate  of  lime  and  traces  of] 
oxide  of  iron  . . . . . 1 

\ 0.34 

. . 0.31 

. . 0.46 

W ater  ....... 

91.19 

. . 92.46 

. . 92.10 

In  diabetes  insipidus , the  urine,  though  not  sweet,  is  excessive  in 
quantity,  and  deranged  as  to  composition.  The  formation  of  urea  is 
suspended,  and  such  urine  leaves,  on  evaporation,  a brown  residue,  of 
the  consistence  of  syrup,  from  which  nothing  crystallizes,  and  which  is 
slightly  acid.  Alcohol  of  .830  dissolves  the  greater  part  of  this  residue, 
and  leaves,  on  evaporation,  a yellow,  deliquescent  extractive  matter, 
which  resembles  that  which  similar  alcohol  extracts  from  the  inspissated 
decoctions  of  muscular  flesh.  The  portion  insoluble  in  alcohol,  appears 
also  to  partake  of  the  same  properties.  (Berzelius.) 

Calculous  Concretions.  It  frequently  happens  that  certain  ingre- 
dients in  the  urine  are  secreted  in  excess,  or  that,  from  other  causes,  they 
are  deposited  in  a solid  form,  constituting  sand , gravel \ and  calculi. 

Sabulous  depositions  in  the  urine  are  of  various  characters,  but,  as 
far  as  their  leading  chemical  varieties  are  concerned,  they  may  be  con- 
veniently termed  white  sand  and  red  sand ; the  former  consisting 
usually  of  phosphate  of  lime , or  ammonio-magnesian  phosphate , or  of 
mixtures  of  the  two ; whilst  in  the  latter,  uric  acid  predominates. 
These  deposits  are  frequently  temporary  only,  and  may  be  produced  by  a 
variety  of  accidental  causes,  which  influence  the  secretion  of  urine ; but 
when  they  are  more  or  less  constant,  or  arise  from  very  trifling  causes, 
they  then  require  the  utmost  attention,  as  being  frequent  forerunners 
of  calculus.  This  tendency  to  the  deposition  of  solid  matter  is  generally 
first  observed  in  the  urine  after  it  is  voided,  and  as  it  cools ; but  it 
afterwards  increases  to  such  an  extent  that  it  is  voided  more  or  less 
turbid ; and,  at  length,  symptoms  of  gravel  or  of  stone  in  the  kidney  or 
bladder  ensue. 

Urinary  calculi  are  composed  either  of  materials  that  exist  at  all 
times  in  the  urine,  or  of  substances  which  only  occasionally  appear,  and 
which  may,  therefore,  be  regarded  as  products  of  disease.  The  following 
are  their  component  ingredients: 
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1.  Uric  or  litliic  acid. 

2.  Urate  of  ammonia. 

3.  Phosphate  of  lime. 

4.  Ammonio-magnesian  phosphate. 


5.  Oxalate  of  lime. 

C.  Cystic  oxide. 

7.  Carbonate  of  lime. 

8.  Silica. 


Of  these  substances,  the  first  five  are  of  most  frequent  occurrence,  but 
their  relative  frequency  varies  in  different  countries  and  districts.  Dr. 
Yelloly,  in  a paper  on  the  “Tendency  to  Calculous  Diseases”  {Phil. 
Trans.,  1829),  has  given  the  following  view  of  the  different  descriptions 
of  calculi  contained  in  the  collection  belonging  to  the  Norwich  hospital: 
from  this  table  it  will  be  seen  that  about  one-half  of  the  specimens  are 
composed  of  one  description  of  material  only;  and  that  the  remainder 
consist  of  alternating  layers,  more  or  less  numerous,  of  most  of  the  sub- 
stances  of  which  human  urinary  calculi  are  composed. 


Calculi  consisting  principally  of  one  deposit. 

Lithic  acid  - --  --  --  --  -81 

Lithate  of  ammonia  --------  - 20 

Oxalate  of  lime  --------  - 20 

Phosphate  of  lime  ---------  4 

Fusible  calculus,  or  mixed  phosphates ; that  is  to  say,  calculi  com- 
posed of  the  triple,  or  annnoniaco-magnesian  phosphate,  mixed 
with  phosphate  of  lime  -------  37 


33 

3? 


33 


>3 


33 

33 


Calculi  consisting  of  tivo  deposits. 

Lithic  acid  and  lithate  of  ammonia  ----- 
oxalate  of  lime  - 

mixed  phosphates  ----- 

,,  phosphate  of  lime  - 

Lithate  of  ammonia  and  lithic  acid  - 

oxalate  of  lime  - - - - 

mixed  phosphates  - 
,,  phosphate  of  lime  - 

Oxalate  of  lime  and  lithic  acid  ------ 

lithate  of  ammonia  - 
mixed  phosphates  - 

„ phosphate  of  lime  ...  - 

Mixed  phosphates  and  phosphate  of  lime  - 

Calculi  consisting  of  three  deposits. 

Lithic  acid,  phosphate  of  lime,  and  mixed  phosphates 
oxalate  of  lime,  and  phosphate  of  lime 
oxalate  of  lime,  and  lithate  of  ammonia 
oxalate  of  lime,  and  lithic  acid 
lithate  of  ammonia,  and  oxalate  of  lime 
oxalate  of  lime,  and  mixed  phosphates 
Lithate  of  ammonia,  oxalate  of  lime,  and  mixed  phosphates 

oxalate  of  lime,  and  lithic  acid 
phosphate  of  lime,  and  lithate  of  ammonia 
,,  lithic  acid  and  mixed  phosphates  - 

Oxalate  of  lime,  lithic  acid,  and  lithate  of  ammonia  - 
„ lithic  acid,  and  oxalate  of  lime  - 

„ lithic  acid,  and  mixed  phosphates 


33 

33 


33 


33 


33 


33 

33 


37 

11 

10 

2 

2 

25 

14 
1 

10 

1 

15 

3 

2 


2 

1 

2 

4 

2 

1 
3 
8 

1 

2 
1 

1 

2 


Calculi  consisting  of  four  or  more  deposits. 

Lithate  of  ammonia,  oxalate  of  lime,  lithic  acid,  and  mixed  phosphates  1 
Oxalate  of  lime,  lithic  acid,  oxalate  of  lime,  and  mixed  phosphates  1 
Lithate  of  ammonia,  oxalate  of  lime,  phosphate  of  lime,  oxalate  of  lime, 
and  lithate  of  ammonia  - --  --  --  l 
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1.  Calculi  composed  of  uric  acid , of  which  acid  the  chemical  properti  s 
have  already  been  described,  are  of  a brown  or  fawn-colour;  and,  when 
cut  through,  appear  of  a more  or  less  distinctly  laminated  texture.  Their 
surface  is  generally  smooth,  or  nearly  so,  being  sometimes  slightly 
tuberculated.  Before  the  blowpipe,  this  calculus  blackens,  and  gives  out 
a peculiar  ammoniacal  odour,  leaving  a minute  portion  of  white  ash:  it 
is  soluble  in  solution  of  pure  potassa,  and  heated  with  a little  nitric  acid, 
affords  the  fine  pink  compound  above-mentioned. 

2.  Urate  of  ammonia  forms  calculi,  the  surface  of  which  is  sometimes 
smooth,  sometimes  tuberculated;  they  are  made  up  of  concentric  layers, 
and  the  fracture  is  fine  earthy,  resembling  that  of  compact  limestone; 
they  are  generally  of  a small  size,  and  rather  uncommon,  though  urate  of 
ammonia  often  occurs  mixed  with  uric  acid.  It  usually  decrepitates 
before  the  blowpipe,  is  more  soluble  than  the  uric  calculus,  evolves 
ammonia  when  heated  with  solution  of  potassa,  and  is  readily  soluble  in 
the  alkaline  carbonates,  which  pure  uric  acid  is  not. 

3.  Phosphate  of  lime  calculus  is  of  a pale-brown  or  gray-colour,  smooth, 
and  made  up  of  regular  and  easily-separable  laminae.  It  is  -soluble  in 
muriatic  acid,  and  precipitated  by  pure  ammonia,  and  does  not  fuse  before 
the  blowpipe.  Calculi  from  the  prostate  gland , are  frequently  composed 
of  phosphate  of  lime. 

4.  Ammonio-magnesian , or  triple  calculus , is  generally  white,  or  pale- 
gray,  and  the  surface  often  presents  minute  crystals ; its  texture  is 
generally  compact,  and  often  somewhat  hard  and  translucent ; heated 
by  the  blowpipe,  it  exhales  ammonia,  and  leaves  phosphate  of  magnesia. 
It  is  more  easily  soluble  than  the  preceding;  and  oxalate  of  ammonia 
forms  110  precipitate  in  its  muriatic  solution. 

It  frequently  happens  that  calculi  consist  of  a mixture  of  the  two 
last-mentioned  substances,  in  which  case  they  fuse  before  the  blowpipe, 
and  are  hence  termed  fusible  calculi.  They  are  white,  or  nearly  so,  and 
softer  than  the  separate  substances,  often  resembling  chalk  in  appearance. 
They  are  easily  soluble  in  muriatic  acid,  and  if  oxalate  of  ammonia  be 
added  to  their  solution,  the  lime  is  precipitated  in  the  state  of  oxalate. 

5.  Oxalate  of  lime  forms  calculi,  the  exterior  colour  of  which  i& 
generally  dark-brown,  or  reddish;  they  are  commonly  rough  or  tubercu- 
lated upon  the  surface,  and  have  hence  been  called  mulberry  calculi. 
Before  the  blowpipe,  they  blacken  and  swell,  leaving  a white  infusible 
residue,  which  is  easily  recognised  as  quicklime.  Small  oxalate  of  lime 
calculi  are,  however,  sometimes  perfectly  smooth  upon  the  surface,  and 
somewhat  resemble  a hempseed  in  appearance. 

6.  Cystic  oxide  is  a peculiar  animal  substance ; the  calculi  composed 
of  it,  which  are  rare,  are  in  appearance  most  like  those  of  the  ammonio- 
magnesian  phosphate.  They  are  soft,  and  wdien  burned  by  the  blowpipe, 
exhale  a peculiar  foetid  odour.  They  are  soluble  in  nitric,  sulphuric, 
muriatic,  phosphoric,  and  oxalic  acids,  and  also  in  alkaline  solutions. 
Cystic  oxide  forms  crystallizable  compounds  with  nitric,  muriatic,  and 
oxalic  acids.  With  sulphuric  acid  it  forms  a viscid,  colourless,  and 
uncrystallizable  compound.  Its  component  parts,  according  to  Prout,  are 
carbon  29.9,  hydrogen  5.1,  oxygen  53.1,  nitrogen  29.9.  A specimen 
from  a dog,  analyzed  by  Lassaigne  {Ann.  de  Chim.  ct  Phys.,xx iii.,  329), 
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yielded  carbon  36.2,  nitrogen  34.0,  oxygen  17-0,  hydrogen  12.8;  it  is 
probable,  therefore,  that  the  latter  was  a different  substance. 

7.  Dr.  Prout,  and  Mr.  Smith  of  Bristol,  ( Mcdico-Chir . Trans .,  xi., 
14)  have  described  calculi  composed  almost  entirely  of  carbonate  of  lime ; 
but  this  species  is  exceedingly  rare,  and  among  several  hundred  calculi 
which  I have  examined,  I never  met  with  it  from  the  human  bladder. 
Carbonate  of  lime  calculi  are  small,  white,  and  friable.  I have  seen  many 
beautiful  specimens  of  carbonate  of  lime  calculus  from  other  animals,  and 
especially  from  the  horse.  I have  also  observed  very  small  and  perfectly 
spherical  concretions,  composed  of  carbonate  of  lime  and  animal  matter, 
voided  in  a case  in  which  they  apparently  came  from  the  prostate  gland. 
In  the  case  of  this  calculus  cited  by  Mr.  Smith,  several  small  ones  were 
voided,  and  three  large  calculi  of  similar  composition  were  removed  by 
operation. 

8.  Silica , as  an  ingredient  in  urinary  sand  and  in  some  calculi,  is 
very  rare.  It  would  appear  from  the  statement  of  Mr.  Yenables  (Quart. 
Jour.  N.  S.,  December,  1829),  that  it  most  commonly  is  voided  in  the 
form  of  sand.  Several  supposed  cases  of  siliceous  sand  have  been  traced 
to  imposture.  I have,  however,  seen,  in  the  possession  of  Dr.  Yelloly, 
an  unequivocal  specimen  of  siliciferous  calculus;  it  was  taken  from  a 
boy  by  an  operation,  and  consisted  chiefly  of  oxalate  of  lime,  having 
small  cavities  in  its  interior,  lined  with  an  apparently  chalcedonic  crust, 
which,  on  examination,  proved  to  be  silica. 

These  are  the  principal  chemical  facts  belonging  to  the  history  of 
urinary  calculi.  In  Dr.  Wollaston’s  valuable  papers  upon  this  subject 
(Phil.  Trans.,  1797  and  1810),  much  additional  information  will  be 
found.  In  the  same  work  (1806,  1808,  and  1810),  I have  given  some 
account  of  their  peculiarities,  depending  upon  their  situation,  and  have 
also  discussed  the  chemical  operation  of  solvents , a subject  which  I have 
taken  up  more  in  detail  in  the  Quarterly  Journal  of  Science  and  the  Arts , 
vol.  viii.  The  late  Dr.  Marcet  published  an  excellent  dissertation  on 
Calcidous  Disorders  ; and  Dr.  Prout’s  44  Inquiry  into  the  Nature  and 
Treatment  of  Gravel,  Calculus,  &c.,”  may  be  considered  as  the  best 
medico-chemical  work  upon  the  subject. 

Urine  of  other  Animals.  From  comparative  analyses  of  the  urine 
of  different  animals  it  appears,  that  urea  is  present  in  the  higher  orders. 
The  urine  of  carnivorous  animals  is  at  first  acid,  but  becomes  speedily 
alkaline,  and  is  very  prone  to  putrefaction ; it  generally  contains  uric  acid, 
but  in  small  quantity;  I found  it  present  in  the  urine  of  a camel ; and  in 
the  urine  of  graminivorous  animals  I found  phosphoric  salts;  Chevreul 
regards  these  conclusions  as  erroneous ; and  in  general,  different  authorities 
will  be  found  much  at  variance  in  regard  to  these  analyses.  According  to 
Hieronymi,  as  quoted  by  Berzelius,  the  urine  of  the  Lion,  Tiger , and 
Leopard , is  transparent,  and  of  a nauseous  odour  and  bitter  taste;  its 
specific  gravity  varies  in  the  same  individual,  from  1.059  to  1.076.  As 
soon  as  voided,  it  becomes  alkaline  from  the  formation  of  carbonate  of 
ammonia,  which  may  be  expelled  by  heat,  and  it  again  becomes  sour. 
During  evaporation  it  deposits  white  flakes,  and  when  thus  concentrated, 
the  greater  part  of  the  urea  crystallizes.  The  urine  of  these  animals 
yielded 
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Urea,  extractive,  and  free  acetic  (lactic?)  acid  . . 13.220 

Uric  acid  ......  ...  0.022 

Mucus  ........  . 0.510 

Sulphate  of  potassa  ........  0.122 

Muriate  of  ammonia,  and  chloride  of  sodium  . . 0. 1 1 0 

Phosphate  of  lime  and  magnesia,  with  a trace  of  car-1 
bonate  of  lime  ...  . . . . . j 

Phosphate  of  potassa  and  of  soda  .....  0.802 

Phosphate  of  ammonia  . . . . . . 0.102 

Acetate  (lactate)  of  potassa  ......  0.330 

Water  . ........  84.800 


100.000 

The  urine  of  the  hycena  and  panther  contained  the  same  ingredients, 
the  specific  gravity  of  the  former  being  1.061  and  of  the  latter,  1.045. 

The  urine  of  the  rhinoceros  is  muddy,  yellow,  and,  when  exposed  to  air, 
acquires  a crystalline  film  of  carbonate  of  lime ; it  effervesces  and  becomes 
clear  on  the  addition  of  an  acid.  Left  to  itself,  it  deposits  a yellow 
powder,  composed  of  carbonate  of  lime  and  magnesia,  traces  of  oxide  of 
iron,  of  silica,  and  of  an  azotised  animal  matter;  the  clear  portion,  when 
evaporated,  yields  a similar  precipitate,  and  on  the  addition  of  muriatic 
acid,  deposits  urohenzoic  acid.  (Vogel.) 

Elephants  urine  is  turbid  from  carbonate  of  lime  and  magnesia,  it 
contains  no  benzoate , but  much  urea.  (Vogel.) 

The  urine  of  the  horse , contains  urea  0.7,  urobenzoate  of  soda*  2.4, 
carbonate  of  soda  0.9  chloride  of  potassium  0.9,  carbonate  of  lime,  0.2  to 
1.1.  Water  94.0.  Chevreul  found  sulphate  of  lime. 

The  urine  of  the  camel  yielded  carbonate  of  ammonia  and  volatile  oil 
by  distillation ; sulphuric,  nitric,  and  muriatic  acid,  reddened  it : on 
evaporation  it  deposited  carbonate  of  lime  and  of  magnesia,  with  animal 
matter  and  a trace  of  silica.  Evaporated  to  the  consistency  of  syrup,  and 
mixed  with  nitric  acid,  it  deposited  abundance  of  nitrate  of  urea.  It  also 
contained  chloride  of  sodium,  urobenzoate  of  soda,  carbonate  of  soda, 
sulphate  of  potassa  in  large  proportion,  some  sulphate  of  soda  and 
carbonate  of  ammonia,  and  a trace  . of  oxide  of  iron.  No  phosphoric  salts 
or  uric  acid.  (Chevreul.) 

The  urine  of  the  cow  contains  a large  relative  proportion  of  urea  and 
of  urohenzoic  acid,  and  exposed  to  air,  deposits  small  crystals  of  carbonate 
of  lime  and  carbonate  of  magnesia. 


* When  the  urine  of  horses  and  cows 
is  mixed  with  muriatic  acid,  the  uro- 
benzoic  acid  is  thrown  down.  It  has 
been  examined  by  Liebig,  {Ann.  de  Chim. 
et  Phys .,  xliii.  188,)  who  terms  it  hip- 
puric  acid , (from,  iVsra?,  a horse , and 
urine.)  It  may  be  purified  by  boiling 
with  milk  of  lime,  to  which  a little 
chloride  of  lime  is  added,  till  it  loses  its 
urinous  odour;  it  is  then  digested  with 
animal  charcoal,  and  on  mixing  the  hot 
filtered  solution  with  excess  of  muriatic 
acid,  hippuric  acid  separates  as  it  cools 
in  white  prismatic  crystals.  Hippuric 
acid  has  much  analogy  to  Benzoic  acid, 
and  was  generally  supposed  to  be  that 


acid  modified  by  urea  or  by  some  other 
animal  matter ; Liebig  however  has 
shown,  that  it  contains  nitrogen,  and 
that  its  salts  are  distinct  from  the  Ben- 
zoates. It  appears  to  consist  of 

Carbon  . 20  . 120  . 62.8 

Hydrogen  . 9 . 9 . 4.7 

Oxygen  . 6 . 48  . 25.1 

Nitrogen  . 1 14  . 7-4 

Hippuric  acid  1 191  100.0 

This  acid,  when  perfumed  by  subli- 
mation with  a little  benzoin,  is  said  to  be 
substituted,  as  an  article  of  commerce, 
for  genuine  benzoic  acid. 
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Urinary  calculi  are  not  unfrequent  in  some  of  the  above  and  other 
animals.  They  vary  considerably  in  composition.  Carbonate  of  lime, 
carbonate  of  magnesia,  phosphate  of  lime,  and  ammonio-magnesian 
phosphate,  are  common  ingredients;  they  also  often  contain  a consider- 
able proportion  of  a peculiar  animal  matter,  of  a resinous  or  fatty 
character.  Oxalate  of  lime  has  been  detected  in  the  calculus  of  the  rat ; 
and  in  a calculus  from  a dog,  Lassaigne  found  a substance  which  he  terms 
cystin , or  cystic  oxide:  (p.  1177-) 

§ VI.  Soft  Solids  of  Animals.  Skin.  Gelatin.  Muscle,  &c. 

The  skin  of  animals  consists  of  an  exterior  covering,  the  epidermis , or 
cuticle , under  which  is  a thin  stratum  of  a peculiar  substance,  called  by 
anatomists  rete  mucosum , which  lies  immediately  upon  the  cutis , corium , 
dermis , or  true  shin. 

The  epidermis  varies  in  thickness  on  different  parts  of  the  body ; it  is 
little  prone  to  decomposition,  insoluble  in  water,  in  alcohol,  and  in  dilute 
acids.  Concentrated  nitric  and  sulphuric  acid  soften  and  ultimately 
dissolve  it.  The  caustic  fixed  alkalis  dissolve  it,  even  when  considerably 
diluted,  hut  not  the  carbonated  alkalis.  It  is  stained  by  several  substances, 
so  far  indelibly,  that  the  colour  remains  till  the  cuticle  peels  off.  It  does 
not  combine  with  tannin.  Corns,  and  similar  indurations,  resemble  the 
epidermis  in  their  general  chemical  characters ; and  horn,  hoof,  nails, 
claws,  tortoise-shell,  hair,  wool,  feathers,  and  scales,  may  he  regarded 
as  modifications  of  it.  All  these  substances  partake  more  or  less  of  the 
character  of  coagulated  and  dry  albumen,  and  Mr.  Hatchett’s  researches 
have  shown,  that  the  analogies  between  them  are  in  many  cases  only 
broken  by  the  presence  of  foreign  substances. 

The  general  colour  of  the  surface  of  the  body  resides  in  the  rete 
mucosum , the  tint  of  which  is  much  dependent  upon  the  influence  of 
light:  the  black  skin  of  the  African,  the  brown  of  the  Asiatic  and 
American,  and  the  pinkish-white  of  the  European,  derive  their  colour 
from  this  peculiar  secretion  deposited  between  the  cutis  and  cuticle; 
the  nature  of  this  substance  has  not  been  chemically  investigated,  hut  it 
has  been  ascertained  in  regard  to  the  black  of  the  negro,  that  it  admits 
of  being  bleached  by  chlorine. 

The  cutis,  or  true  skin,  is  of  a fibrous  texture,  and  when  boiled  in 
water  is  to  a great  extent  soluble,  leaving  the  vascular  and  nervous  fila- 
ments which  pervade  it ; the  solution,  when  slowly  evaporated,  leaves  a 
peculiar  animal  principle  termed  gelatin. 

Gelatin  is  colourless,  semi-transparent,  and  nearly  tasteless.  It 
is  softened  by  long-continued  immersion  in  cold  water:  in  hot  water 
it  readily  dissolves,  and  forms  a solution  of  a slightly-opalescent  ap- 
pearance, which,  if  sufficiently  concentrated,  concretes  on  cooling  into 
the  tremulous  mass  usually  called  jelly , and  which  is  easily  soluble 
in  water;  when  dried  in  a gentle  heat,  it  acquires  its  original  ap- 
pearance, and  is  as  soluble  as  before.  According  to  Dr.  Bostock,  one 
part  of  isinglass  dissolved  in  100  of  water,  gelatinizes  on  cooling;  hut  in 
150  of  water  it  does  not  concrete.  (Nicholson’s  Jour.,  xi.  and  xiv.) 
When  dry,  gelatine  undergoes  no  change,  but  its  solution  soon  becomes 
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mouldy  and  putrescent.  Submitted  to  the  action  of  heat,  it  affords  the 
usual  products  of  animal  substances. 

Gelatin  is  readily  soluble  in  diluted  acids  and  alkaline  solutions, 
(Hatchett,  Phil.  Trans.  1800.)  Its  aqueous  solution  is  not  affected  by 
solution  of  corrosive  sublimate,  and  few  of  the  metallic  salts  occasion  any 
precipitate  in  it.  Chlorine  passed  through  it  occasions  a white  elastic 
matter  to  separate,  which  is  not  soluble  in  water,  and  which  in  some 
properties  resembles  albumen.  Gelatin  is  insoluble  in  alcohol  and  ether, 
but  alcohol  does  not  form  a precipitate  in  its  aqueous  solution.  Solution 
of  tannin  occasions  a white  precipitate  in  solution  of  gelatin;  and  hence, 
vegetable  astringents,  such  as  infusion  of  galls  or  of  oak-bark,  are 
generally  employed  as  tests  for  its  presence.  One  part  of  dry  gelatin, 
such  for  instance  as  isinglass,  may  be  detected  in  5000  of  water  by  a 
strong  infusion  of  galls:  this  precipitate  when  dried  at  212°,  consists  of 
about  60  gelatin  -f-  40  tannin.  But  as  tannin  precipitates  albumen,  it 
cannot  be  relied  on  as  an  unequivocal  test,  unless  we  previously  ascertain 
the  non-existence  of  albumen  by  corrosive  sublimate.  (Bostock,  Nichol- 
son’s Journal , xiv.  and  xxi.)  Mr.  E.  Davy  recommends  sulphate  of 
platinum  as  a very  delicate  test  of  gelatin,  with  which  it  forms  a brown 
insoluble  compound,  in  solutions  too  weak  to  be  affected  by  vegetable 
astringents.  {Phil.  Trans .,  1820,  p.  119.)  This  is  certainly  a very 
delicate  test,  and  is  not  affected  by  albumen. 

The  action  of  sulphuric  acid  upon  gelatin  has  been  investigated  by 
Braconnot.  Twelve  parts  of  powdered  glue,  and  24  of  sulphuric  acid, 
were  left  together  for  24  hours ; about  60  parts  of  water  were  then 
added,  and  the  whole  boiled  for  5 hours,  adding  water  at  intervals  ; the 
solution  was  then  saturated  with  chalk,  filtered,  and  suffered  to  evapo- 
rate spontaneously.  In  a month,  crystals  were  deposited,  which,  being 
purified  by  solution  and  a second  crystallization,  much  resembled  sugar 
of  milk,  though  they  differed  from  that  substance  in  affording  a peculiar 
acid,  called  by  M.  Braconnot  Nitro-saccharine  acid , when  acted  upon  by 
nitric  acid.  {Ann.  de  Chim.  et  Phys .,  xiii.) 

The  dilute  acids  are  excellent  solvents  of  gelatin,  especially  the 
acetic  ; these  solutions  do  not  gelatinize,  but  the  gelatin  is  not  decom- 
posed, and  re-appears  with  its  former  properties  on  evaporating  the  acid, 
or  abstracting  it  by  an  alkali  or  other  base.  The  caustic  alkalis  do  not 
materially  affect  gelatin,  but  they  sometimes  render  its  solutions  turbid 
by  decomposing  phosphate  of  lime,  which  is  often  contained  in  it, 
and  which  is  soluble,  to  a considerable  extent,  in  solution  of  gelatin. 
The  equivalent  of  gelatin  has  not  been  accurately  determined  in  conse- 
quence of  the  indefinite  character  of  its  combinations^  but  calculated  in 
reference  to  the  single  atom  of  nitrogen,  its  composition  may  be  repre- 
sented as  follows  : 


Carbon  ....  7 

Hydrogen  . . 7 

Oxygen  ...  3 

NitrogCn  ...  1 

Gelatin  ....  1 


42 

• • 

48.28 

7 

• • 

8.04 

24 

• « 

27.59 

14 

• • 

10.09 

87 

« • 

100.0 

Gay  Lussac  and  Thenard 

47.881 
7-914 
27.207 
. . 18  998 


100  000 
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The  different  kinds  of  gelatin  differ  considerably  in  viscidity.  Mi*. 
Hatchett  has  remarked  that  the  gelatin  obtained  from  skins  possesses  a 
degree  of  viscidity  inversely  as  their  softness  or  flexibility ; the  most  ad- 
hesive kinds  of  gelatin,  too,  are  less  easily  soluble  in  water  than  those 
which  are  less  tenacious.  The  principal  varieties  of  gelatin  in  common 
use  are, 

Glue , which  is  prepared  from  the  clippings  of  hides,  hoofs,  &c., 
obtained  at  the  tan-yard  ; these  are  first  washed  in  lime-water,  and  after- 
wards boiled  and  skimmed ; the  whole  is  then  strained  through  baskets, 
and  gently  evaporated  to  a due  consistency ; afterwards  it  is  cooled  in 
wooden  moulds,  cut  into  slices,  and  dried  upon  coarse  net- work.  Good 
glue  is  of  a semi-transparent  and  deep-brown  colour,  and  free  from  clouds 
and  spots.  When  used  it  should  be  broken  into  pieces,  and  steeped  for 
about  24  hours  in  cold  water,  by  which  it  softens  and  swells ; the  soaked 
pieces  may  then  be  melted  over  a gentle  fire,  or  in  a water-bath,  and  in 
that  state  applied  to  the  wood  by  a stiff  brush.  Glue  will  not  harden  in 
a freezing-temperature,  the  adhesion  depending  on  the  evaporation  of  its 
superfluous  water. 

6,  Size  is  less  adhesive  than  glue,  and  is  obtained  from  parchment- 
shavings,  fish-skin,  and  several  animal  membranes.  It  is  employed  by 
bookbinders,  paper-hangers,  and  painters  in  distemper,  and  is  sometimes 
mixed  with  flour,  gum,  &c. 

c,  Isinglass  is  prepared  from  certain  parts  of  the  entrails  of  several 
fish ; the  best  is  derived  from  the  sturgeon,  and  is  almost  exclusively 
prepared  in  Russia.  It  should  be  free  from  taste  and  smell,  and  entirely 
soluble  in  warm  water,  which  is  seldom  the  case,  in  consequence  of  the 
presence  of  some  albuminous  parts.  When  the  jelly  of  isinglass  is  con- 
centrated by  evaporation  and  carefully  dried,  it  forms  a very  choice  kind 
of  glue.  Aikins  Dictionary , Art.  Gelatine. 

Berzelius,  and  some  other  chemists,  regard  gelatin  as  a product , and 
as  in  no  case  pre-existing  in  the  textures  whence  it  is  obtained  ; they 
consider  it  as  formed  by  the  action  of  heat  on  cellular  membrane , and 
hence  all  parts  of  the  body  in  which  cellular  membrane  exists,  may  yield 
gelatin  by  the  continuous  action  of  boiling  water ; the  skin,  being  con- 
densed cellular  membrane,  is  particularly  susceptible  of  this  change  ; 
when  gelatin  is  obtained  by  the  action  of  acids,  and  without  the  inter- 
vention of  heat,  it  is  supposed  that  they  also  give  rise  to  its  formation. 
It  is  certain  that,  by  long  boiling,  some  animal  substances  are  aj:)parently 
converted  into  gelatin,  in  which  its  pre-existence  cannot  be  demonstrated, 
and  it  sometimes  seems  to  be  more  abundantly  formed  in  this  way  at 
temperatures  somewhat  above  the  boiling-point  of  water,  than  at  212°. 
It  is,  perhaps,  in  favour  of  this  opinion,  that  gelatin  is  never  found 
(except,  perhaps,  in  the  urine)  in  the  natural  fluids  or  secretions  of  the 
body ; it  was  once  supposed  to  exist  in  the  blood,  but  this  has  been  dis- 
proved. Berzelius  compares  this  production  of  gelatin,  to  that  of  sugar 
from  gum  and  starch.  L.  Gmelin  found  that  a solution  of  gelatin,  sealed 
hermetically  in  a glass  tube,  and  exposed,  for  some  wreeks,  to  a boiling 
temperature,  acquired  a brown  colour,  lost  its  power  of  gelatinizing,  and 
left  a viscid  residue  on  evaporation. 

Leather  is  a compound  of  gelatin  and  tannin,  formed  by  steeping 
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the  skins  of  animals  in  the  infusions  of  certain  barks,  or  other  vegetable 
astringents.  The  skins  are  previously  prepared  by  soaking  in  lime- 
water,  which  renders  the  cuticle  and  hair  easily  separable,  and  are  after- 
wards softened  by  allowing  them  to  enter  into  a degree  of  putrefaction, 
or  occasionally  by  the  action  of  acids.  In  this  state  they  are  submitted 
to  the  action  of  infusion  of  oak-bark,  or  other  astringent  vegetable 
matter,  the  strength  of  which  is  gradually  increased  until  a complete 
combination  has  taken  place,  which  is  known  by  the  leather  being  of  an 
uniform  brown  colour  throughout  ; whereas,  in  imperfectly  tanned 
leather,  a white  streak  is  perceptible  in  the  centre.  A portion  of  extrac- 
tive matter,  and  occasionally  other  substances,  enter  into  the  composition 
of  leather.  Davy  found  the  increase  of  weight  in  the  skin  to  vary  with 
the  tanning  material ; thus  100  parts  of  calf-skin  tanned  in  concentrated 
infusion  of  galls,  increased  in  weight  64  parts  ; in  a concentrated  infusion 
of  oak-bark  34  parts ; in  a weak  infusion  1 7 parts  ; in  concentrated  in- 
fusion of  willow-bark  34  parts,  and  in  a weak  infusion  1 5 parts ; and 
lastly,  in  a solution  of  catechu,  1 9 parts. 

Tawed  leather  is  made  by  impregnating  the  skin,  duly  prepared,  with 
a solution  of  alum  and  common  salt ; it  is  afterwards  trodden  in  a mix- 
ture of  yolk  of  eggs  and  water.  The  alum  and  salt  re-act  on  each  other 
so  as  to  produce  sulphate  of  soda  and  chloride  of  aluminum ; the  latter 
salt  combines  with  the  skin.  White  glove-leather  is  thus  prepared. 

Wash-leather  is  another  important  manufacture  ; in  this  the  skin, 
after  having  been  prepared  and  softened,  is  imbued  with  oil,  and  after- 
wards subjected  to  a weak  alkaline  solution. 

Curried  leather  is  made  by  besmearing  the  skin,  or  leather,  while  yet 
moist,  with  common  oil,  which,  as  the  humidity  evaporates,  penetrates 
into  the  pores  of  the  skin,  giving  it  a peculiar  suppleness,  and  making  it, 
to  a considerable  extent,  water-proof.  As  familiar  examples  of  these 
processes,  the  thick  sole-leather  for  shoes  and  boots  is  tanned ; the  upper- 
leather  is  tanned  and  curried;  the  white  leather  for  gloves  is  tawed  ; and 
fine  Turkey-leather  is  tawed , and  afterwards  slightly  tanned.  Aikin  s 
Dictionary , Art.  Leather. 

Muscle.  The  muscles,  or  flesh  of  animals,  is  a complex  texture,  in 
which  the  muscular  fibre  is  conjoined  with  cellular  membrane,  nerves 
and  vessels,  fat,  and  various  fluids.  On  digesting  muscular  flesh  in  re- 
peated portions  of  cold  water,  albumen,  saline  substances,  and  colouring  and 
extractive  matters  are  taken  up  ; on  heating  the  solution,  the  albumen  is 
coagulated,  and  on  evaporating  the  remainder  in  a water-bath,  a coloured 
extract  remains,  from  which  alcohol  abstracts  osmazome  * and  small 
cjuantities  of  saline  matter  (lactates  ?)  and  leaves  a portion  of  extractive 
and  salts  insoluble  in  alcohol.  When  the  part  of  the  muscular  fibre 
which  is  no  longer  acted  on  by  cold  water,  is  digested  in  hot  water,  its 
cellular  substance  is  removed  in  the  form  of  gelatin , and  fatty  matter 
separates.  The  insoluble  residue  is  now  little  else  than  fibrin,  and  when 
dried,  presents  the  characters  of  that  substance  as  it  is  above  described 


* Osmazome,  (from  odour , and 

broth,)  is  that  product  upon 
which  the  peculiar  odour  of  broth  or 
soup,  and  of  dressed  meat  depends ; it  is 


of  a yellowish-brown  colour,  soluble  at 
all  temperatures  in  Avater  and  in  alcohol, 
and  yields  a precipitate  with  infusion  of 
galls,  but  does  not  gelatinize. 
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amongst  the  ingredients  of  the  blood.  When  any  of  the  lean,  muscular 
parts  of  animals  are  carefully  dried,  they  lose  greatly  in  weight  by  the 
evaporation  of  water ; the  residue,  composed  chiefly  of  albumen,  fibrin, 
and  cellular  substance  or  gelatin,  may  be  regarded  as  the  real  nutritive 
matters  as  articles  of  food,  and  it  is  curious  that  their  relative  proportions 
are  not  very  dissimilar  in  quadrupeds,  birds,  and  fishes,  as  shown  in  the 
following  table.  The  water  was  determined  by  evaporation  in  vacuo,  or 
at  a temperature  below  212°. 


100  parts  of 

Albumen  or 

Total  of 

M uscle  of 

Water. 

fibrine. 

Gelatin. 

Nutritive  Matter 

Beef  . . 

. 74 

20 

G 

26 

V eal  . . 

. 75 

19 

6 

25 

Mutton 

. 71 

. . 22 

7 

29 

Pork  . . 

. 70 

. . 19 

5 

24 

Chicken 

. 73 

, . 20 

7 

27 

Cod  . . . 

. 79 

14 

7 

21 

Haddock  . 

. 82 

. . 13 

5 

18 

Sole  . . 

. 79 

15 

6 

21 

It  is  commonly  supposed  that  the  flesh  of  young  animals  is  much 
more  abundant  in  gelatin  than  that  of  old  ones,  but  the  fact  appears  to 
be,  that  it  is  merely  more  soluble  and  more  easily  extracted  by  boiling, 
and  in  all  cases  where  it  is  wished  to  remove  from  muscle  the  whole  of 
the  jelly,  simmering  at  a temperature  from  100°  to  120°  should  be  pre- 
ferred to  boiling,  because  by  a temperature  of  212°,  the  albumen  is  so 
firmly  coagulated  as  to  envelop  the  gelatin,  and  protect  it  from  the 
solvent  power  of  the  water. 

The  action  of  sulphuric  acid  on  muscle  has  been  described  by  Bra- 
connot : 30  parts  of  beef-fibre,  acted  on  by  as  much  sulphuric  acid, 
yielded  a portion  of  fat,  and  on  diluting  the  acid  mixture,  and  saturating 
with  chalk,  filtering,  and  evaporating,  a substance,  tasting  like  osmazome, 
was  obtained,  which  wTas  often  boiled  in  different  portions  of  alcohol : the 
alcoholic  solutions,  on  cooling,  deposited  a peculiar  white  pulverulent 
matter,  which  Braconnot  calls  leucine , and  which,  acted  upon  by  nitric 
acid,  affords  a crystallizable  nitroleucic  acid.  {Ann.  de  Chim.  el  Phys., 
xiii.,  1 18.  (See  Blood.) 

Hair,  as  already  stated,  consists  chiefly  of  a substance  having  the  pro- 
perties of  coagulated  albumen,  and  analogous  in  that  respect  to  the 
cuticle ; but  hair  also  yields  more  or  less  gelatin  when  boiled  with  water, 
and  the  soft  silky  hair,  which  easily  loses  its  curl,  and  is  very  susceptible 
of  changes  in  the  humidity  of  the  atmosphere,  yields  gelatin  more  readily 
than  that  which  is  harsh,  strong,  and  elastic.  (Hatchett,  Phil  Trans. , 
1800.)  Vauquelin  also  discovered  in  hair  two  kinds  of  oil ; the  one 
white,  and  existing  in  all  hair ; the  other  coloured,  yellow  from  red  hair, 
and  dark-coloured  when  obtained  from  dark  hair.  Black  hair  also  con- 
tains iron  and  sulphur.  He  supposes  that  where  hair  has  become  sud- 
denly gray,  the  effect  is  produced  by  the  evolution  of  acid  matter,  which 
has  destroyed  the  colour  of  the  oil. 

Membranes,  ligaments,  tendons,  and  some  other  similar  textures 
differ  from  horn  and  from  indurated  cuticle , and  also  in  some  respects 
from  cartilage , properly  so  called,  by  yielding  gelatin  when  boiled. 
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In  its  general  characters  and  composition,  the  fat  and  oil  of  animals  re- 
sembles that  of  vegetables ; it  is  of  various  degrees  of  consistency,  and 
contains  stearin,  margarin,  and  elain,  in  varying  proportions  ; the  action  of 
alkalis  upon  these  substances,  and  the  properties  of  the  acids  and  com- 
pounds thence  resulting,  are  also  in  all  respects  similar  to  those  of  the 
vegetable  oils,  under  the  history  of  which  much  respecting  the  animal 
oils  has  been  necessarily  anticipated  (p.  951.)  The  different  degrees 
of  consistency  of  these  fats  are  seen  in  tallow , lard , and  oil ; when  pure, 
they  have,  for  the  most  part,  little  taste  or  smell;  hut  by  keeping,  they 
become  rancid  and  somewhat  sour.  The  products  of  their  combustion 
and  destructive  distillation  also  agree  with  those  of  vegetable  oils,  pro- 
vided they  are  free  from  cellular , or  as  it  is  here  called  adipose  membrane , 
from  which  they  may  be  separated  by  cutting  them,  if  necessary,  into 
small  pieces,  and  boiling  them  in  water ; the  fat  separates  and  floats  upon 
the  surface,  where  it  concretes  on  cooling ; the  foreign  matters  sink,  or 
are  dissolved  in  the  water.  For  our  knowledge  of  the  principal  characters 
of  these  substances,  we  are  indebted,  as  already  stated,  to  the  laborious 
accuracy  of  Chevreul.  I shall  only  here  advert  to  such  properties  of 
these  fats  and  oils  as  have  not  been  above  detailed,  or  to  such  of  them  as 
present  distinctive  peculiarities. 

Human  Fat  is  soft,  yellowish,  inodorous,  and  varies  a little  in  different 
parts  of  the  body ; that  from  the  region  of  the  kidneys,  when  fused,  be- 
gins to  concrete  at  76°,  and  is  solid  at  64°.  It  is  soluble  in  40  parts  of 
boiling  alcohol  of  0.821,  and  on  cooling,  the  solution  deposits  stearin , 
which  after  having  been  pressed  between  folds  of  blotting-paper  at  78°, 
is  colourless,  fusible  at  122°,  and  may  be  cooled  to  106°  before  it  begins 
to  congeal ; its  temperature  then  rises  to  120°  from  the  evolution  of  latent 
heat.  100  parts  of  boiling  anhydrous  alcohol  dissolve  21.5  of  this 
stearin,  of  which  the  greater  part  separates,  on  cooling,  in  acicular  crystals. 
The  elain  of  human  fat  is  a colourless,  inodorous  oil,  which  retains  its 
fluidity  at  40°;  its  specific  gravity  is  0.913  at  60°;  it  has  a sweetish 
taste.  100  parts  of  boiling  alcohol  dissolve  123  of  this  elain,  and  the 
solution  becomes  turbid  when  it  has  cooled  to  170°. 

Hogs’-lard  is  soft,  white,  and  fusible  between  78°  and  86°.  Its 
specific  gravity  at  60°  is  — 0.938,  and  at  120°  t=  0.891.  When  sub- 
jected to  powerful  and  continued  pressure  at  42°,  between  folds  of 
bibulous  paper,  it  yields,  according  to  Braconnot,  0.62  of  its  weight  of 
a colourless  elain , the  specific  gravity  of  which,  according  to  Chevreul, 
is  0.915.  100  parts  of  boiling  alcohol  dissolve  123  of  this  elain,  and  the 

solution  begins  to  grow  turbid  at  144°.  The  residuary  stearin  (0.38)  is 
inodorous,  dry,  and  granular ; when  fused,  it  remains  liquid  till  its 
temperature  sinks  to  100°;  on  congealing,  it  rises  to  109°.  When  hogs’- 
lard  has  become  yellow  and  rancid  by  exposure  to  air,  it  reddens  litmus, 
and  contains  a volatile  acid  resembling  caproic  acid  (p.  1154.) 

Ox  Fat,  after  fusion,  begins  to  congeal  at  98°,  and  the  temperature 
then  rises  to  102°.  It  is  soluble  in  40  parts  of  boiling  alcohol  of  0.821, 
and  contains  about  three-fourths  its  weight  of  stearin , which  is  hard, 
white,  and  of  a granular,  crystalline  texture  ; it  does  not  fuse  below  112°, 
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and  then  may  he  cooled  to  102°,  when  on  congealing  it  rises  to  112°.  It 
is  translucent,  and  not  greasy,  and  hums  like  white  wax.  100  parts  of 
anhydrous  alcohol  dissolve  15.48  of  this  stearin ; when  saponified,  it 
yields  0.951  of  adipose  acids.  The  elain  of  this  fat  is  colourless,  and 
nearly  inodorous:  its  specific  gravity  0.913.  100  parts  of  boiling 

anhydrous  alcohol  dissolve  123.4,  and  it  yields  hy  saponification  0.966  of 
fat-acids. 

After  the  hair  and  hoofs  have  been  removed  from  the  feet  of  oxen, 
they  yield,  when  boiled  with  water,  a peculiar  fatty  matter,  called  neats - 
foot-oil : it  is  not  subject  to  rancidity,  and  remains  fluid  at  32°.  After 
part  of  its  stearin  has  been  abstracted,  it  is  used  for  various  purposes, 
and  among  them,  for  oiling  steeple-clocks,  which  require,  in  consequence 
of  the  cold  to  which  they  are  exposed,  an  oil  not  liable  to  solidify. 

Mutton  Fat,  in  external  characters,  resembles  that  of  oxen,  but  it  is 
whiter,  and  acquires  a peculiar  odour  by  exposure  to  air.  When  melted, 
it  sometimes  begins  to  congeal  at  98°,  and  the  temperature  then  rises  to 
102°,  or  it  congeals  at  104°,  and  then  its  temperature  only  rises  to  105° 
or  106°.  It  is  soluble  in  44  parts  of  boiling  alcohol  of  0.821.  Its 
stearine  is  white  and  translucent,  and  very  imperfectly  crystalline  after 
fusion.  100  parts  of  boiling  anhydrous  alcohol  dissolve  16.09  parts. 
Its  elain  is  colourless  ; specific  gravity  ==  0.913.  100  parts  of  anhydrous 

alcohol,  at  168°,  dissolve  80  parts*. 

These  two  fats  are  highly  important  from  their  application  to  the 
manufacture  of  soap  and  of  candles : and  of  late  the  stearine  has  been 
employed  for  the  latter  purpose,  which,  fused  with  from  one-fourth  to 
one-eighth  part  of  wax,  yields  a compound  very  little  inferior  to  wax,  of 
which  the  best  and  genuine  composition  candles  are  made.  Under  this 
term  a variety  of  very  inferior  articles  are  sold  at  comparatively  low 
prices,  which  have  tended  to  bring  this  important  manufacture  into  some 
degree  of  discredit;  and  the  art  of  preparing  stearin  by  cheap,  and  at 
the  same  time  effective  processes,  is  not  as  yet  very  perfect ; but  this 
application  of  it  is  daily  improving,  and  promises  to  place  the  art  of 
making  candles  not  low  upon  the  list  of  those  which  have  been  enlightened 
and  improved  by  the  labours  of  the  chemist. 

Goats’  Fat  is  characterized  by  its  peculiar  cupreous  odour,  arising  from 
its  containing  a peculiar  fat,  which  Chevreul  has  termed  hircin , and 
which,  on  the  separation  of  its  tallow  into  stearin  and  elain,  accompanies 
the  latter,  and  cannot  be  perfectly  separated  from  it.  During  the  saponi- 
fication of  its  elain,  a liquid  fat-acid  of  a strong  goaty  odour  is  formed : 
it  may  be  obtained  by  saponifying  4 parts  of  goat’ -fat  with  1 of  hydrate 
of  potassa  and  4 of  water,  diluting  the  soap  with  more  water,  and  decom- 
posing it  by  phosphoric  or  tartaric  acid,  washing  the  evolved  fat-acids, 
and  distilling  the  sour  water  and  washings  ; if  a drop  of  the  distilled  pro- 


* When  mutton  or  beef  suet  is  dis- 
tilled, and  the  product  washed  with  hot 
water,  it  dissolves  a peculiar  acid,  which 
is  Tlienard’s  sebacic  or  sebic  acid.  The 
solution  is  precipitated  hy  acetate  of  lead, 
and  the  resulting  sebate  of  lead  decom- 
posed by  its  equivalent  of  sulphuric 
acid  ; the  sebic  acid  is  then  purified  by 


crystallization  ; it  forms  colourless,  fusi- 
ble, and  volatile  acicular  crystals ; more 
soluble  in  hot  than  in  cold  water,  and 
very  soluble  in  alcohol.  The  sebates  of 
ammonia , potassa , and  soda , are  soluble ; 
those  of  lead , mercury , and  silver , are 
insoluble. 
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duct,  evaporated  upon  a platinum-leaf,  leaves  any  residue,  it  must  be 
redistilled ; the  product  is  then  to  be  saturated  by  hydrated  baryta, 
evaporated  to  dryness,  and  decomposed  by  distillation  with  equal  parts 
of  sulphuric  acid  and  water  : the  hircic  acid  then  passes  over  in  the  form 
of  a colourless  volatile  oil. 

Hircic  acid  has  a capreous  and  acetic  odour,  reddens  litmus,  and 
dissolves  difficultly  in  water,  and  easily  in  alcohol.  It  forms  distinct 
salts  with  the  bases  : hircate  of  ammonia  is  peculiarly  odorous ; Mr  cate 
of  potassa  is  deliquescent ; hircate  of  baryta  is  difficultly  soluble. 

Train  Oil.  Whale  Oil.  Common  whale  oil  has  a specific  gravity 
— 0.927  at  68° ; at  32°  it  deposits  stearin,  and  the  remaining  oil  is  then 
soluble  in  0.82  of  its  weight  of  absolute  alcohol  at  168°.  It  is  easily  sa- 
ponified, yielding  a brown  soluble  soap,  which,  decomposed  by  tartaric  acid, 
affords  fat-acids,  and  glycerin,  together  with  traces  of  phocenic  acid.  The 
stearin  of  train-oil  congeals,  after  fusion,  at  between  70°  and  80°.  It  dis- 
solves in  1.8  parts  of  boiling  anhydrous  alcohol,  from  which  it  crystal- 
lizes on  cooling,  leaving  a brown  mother-liquor. 

Spermaceti  Oil.  The  oil  of  the  spermaceti-whale  is  more  pure, 
and  burns  more  perfectly  and  more  brilliantly  in  lamps  than  common 
whale-oil;  it  deposits,  as  it  cools  after  the  death  of  the  animal,  a 
crystalline  fatty  substance,  called  spermaceti , which  is  purified  by 
pressure,  and  boiling  in  weak  solution  of  potassa ; it  is  then  washed, 
fused  in  boiling  water,  and  cast  into  blocks  or  cakes,  which  exhibit  a 
beautiful  lamellarly-crystalline  texture,  especially  when  the  interior 
liquid  part  is  suffered  to  run  out  of  the  exterior  concrete  case.  It  has  a 
greasy  feel.  Its  specific  gravity  is  about  0.94 : it  fuses  at  112°.  1 00 

parts  of  boiling  alcohol  of  0.821  dissolve  3.5  parts,  of  which  0.9  fall  on 
cooling.  Its  solution  in  hot  ether  congeals  on  cooling.  It  dissolves 
in  the  hot  oils.  When  common  spermaceti  is  triturated  with  alcohol, 
a little  oily  matter  is  abstracted ; and  when  the  whole  is  removed,  the 
residuary  pure  spermaceti  has  been  termed  by  Chevreul  cctin. 

Cetin  fuses  at  120°.  100  parts  of  boiling  absolute  alcohol  dissolve 

15.8  of  cetin,  but  alcohol,  of  .831,  only  3 parts ; the  greater  part  sepa- 
rates on  cooling  in  pearly  scales.  Acids  act  upon  it  as  on  other  fats.  It 
is  difficultly  saponifiable  by  the  hydrated  alkalis.  Digested  for  several 
days  between  120°  and  190°,  with  a solution  of  caustic  potassa  in  twice 
its  weight  of  water,  it  is  at  length  converted  into  a peculiar  soap,  con- 
taining margarate  and  oleate  of  potassa,  together  with  an  unsaponified 
fat,  which  Chevreul  terms  ethal.  On  decomposing  this  soap  by  an  acid, 
ethal,  and  oleic  and  margaric  acids  separate,  amounting  together  to  101.6 
parts  from  100  of  cetin  ; of  this  60.96  parts  consist  of  fat-acids,  and  40.64 
of  ethal:  no  glycerine  is  produced,  but  0.9  of  a yellowish  extractive  matter; 
nor  is  any  volatile  acid  formed. 

Chevreul,  Saussure,  and  Berard  have  analyzed  cetin  and  ordinary 
spermaceti,  and  Dr.  Ure  spermaceti  oil,  with  the  following  results : — 


Cetin. 

Chevreul. 


Spermaceti. 

Berard. 


Spermaceti.  Spermaceti  Oil. 

De  Saussure.  Ure. 


Carbon  . . 

81.6G0 

• • 

79.5 

• • 

75.474 

Hydrogen  . 

12.862 

• • 

11.6 

» • 

12.795 

Oxygen , . 

5.478 

• * 

8.9 

• • 

11.377 

78.00 

11.80 

10.20 
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Etiial  is  obtained  by  saturating  the  fat-acids  resulting  from  the 
decomposition  of  spermaceti-soap  with  hydrated  baryta,  washing  away  all 
excess  of  baryta,  drying  the  residue,  and  digesting  it  in  cold  alcohol  or 
ether,  which  dissolves  the  ethal  and  leaves  barytic-soap.  The  ethal 
remains,  on  distilling  off  the  alcohol,  in  the  form  of  a solid  transparent 
crystalline  fat,  tasteless  and  inodorous,  and  concreting,  when  fused  alone, 
at  118°;  but  if  fused  with  water,  at  124J.  It  is  volatile  when  distilled 
either  alone  or  with  water,  and  in  this  way  it  may  be  purified ; it  burns 
like  wax.  It  dissolves  in  all  proportions  in  alcohol  of  0.812  at  128°,  and 
separates,  on  cooling,  in  lamellar  crystals.  It  is  decomposed  when  heated 
with  sulphuric  and  nitric  acid.  It  does  not  combine  with  caustic  potassa, 
when  pure,  but  when  mixed  with  soap,  it  forms  a milky  fluid,  which 
leaves,  upon  a filter,  a mixture  of  ethal,  with  margarate  and  oleate  of 
potassa,  exactly  resembling  hydrated  alumina.  According  to  ChevreuFs 
analysis,  ethal  consists  of 

Chevreul. 


Carbon 
Hydrogen 
Oxygen  . 


16  ..  96  ..  79.4  ..  79.7660) 

17  ..  17  ..  14.0  ..  13.9452 

1 . . 8 . . 6.6  . . 6.2888; 


j Etherine  4 
| Water  . 1 


112 

9 


Ethal  ...  1 121  100.0  100.0000  Ethal.  . 1 121 


Porpoise  Oil.  The  oil  of  the  Delphinus  phoccena , and  Delphinus 
globiceps , has  been  examined  by  Chevreul.  When  saponified  it  yields  a 
peculiar  fat-acid,  which  has  been  termed  phocenic , or  delphinic  acid . 
This  acid  is  best  obtained  from  that  portion  of  porpoise-oil,  which  remains 
dissolved  in  cold  alcohol  of  0.825.  It  is  saponified,  and  a pliocenate  of 
baryta  formed,  100  parts  of  which  are  decomposed  by  205  of  phosphoric- 
acid,  of  1.12  sp.  gr.,  or  by  23.4  parts  of  sulphuric  acid,  diluted  with 
twice  its  weight  of  water,  when  nearly  the  whole  of  the  phocenic  acid 
separates.  This  acid  exists  in  spermaceti,  and  in  the  berries  of  the 
Viburnum  opulus. 

Phocenic  Acid  resembles  a volatile  oil,  retaining  its  fluidity  at  15°; 
although  its  boiling-point  is  above  212°,  it  volatilizes  in  the  air;  it  has 
a rank  and  acetic  odour  and  acrid  taste.  Its  specific  gravity  is  .932 ; 
water  at  88°  only  dissolves  an  eighteenth  part  of  its  weight ; alcohol  of 


0.795  takes  it  up  in  all  proportions. 

Anhydr< 

3us  phocenic 

acid  consists 

according  to  ChevreuFs  analysis,  of 

Carbon 

20 

120 

65.6 

Hydrogen  . 

15 

15 

8.1 

Oxygen  ........ 

6 

48 

26.3 

Anhydrous  phocenic  acid  . 

1 

183 

100.0 

It  appears,  however,  that  in  the  neutral  phocenaies , the  oxygen  in  the 
acid  is  to  that  in  the  base  as  3 to  1,  so  that  the  above  equivalent  is  doubled 
in  reference  to  that  of  the  bases.  When  the  phocenates  are  heated,  they 
exhale  an  aromatic  odour,  and  yield,  on  distillation,  an  oily  liquid,  inso- 
luble in  potassa.  The  phocenates  of  potassa , soda , and  strontia  are 
deliquescent ; pliocenate  of  baryta  yields  efflorescent  crystals,  soluble  in 
twice  their  weight  of  water.  Pliocenate  of  lead  is  soluble,  but  during 
the  evaporation  of  its  solution  passes  into  a difficultly-soluble  subsalt. 

Phocenine  is  the  term  applied  by  Chevreul  to  that  part  of  the  oil 
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which  yields  phocenic  acid,  and  which  is  separated,  by  boiling  alcohol, 
from  the  common  fats. 

Fat  of  Birds.  Goose-fat  is  colourless,  and  of  a peculiar  taste  and 
odour  ; when  fused,  it  congeals  at  80°  to  a buttery  consistence  ; subjected 
to  pressure  at  30°,  it  yields  0.68  elain , and  0.32  stearin , fusible  at  112°. 
Ducks  fat  fuses  at  76°,  and  yields  72  elain  and  28  stearin , fusible  at 
120°.  Turkeys’  fat  yields  74  elain  and  26  stearin , fusible  at  112°. 

Fat  of  Insects.  Many  insects  contain  more  or  less  fat,  but  its  pecu- 
liarities have  been  but  little  examined.  The  fatty-matter  of  cochineal 
( Coccus  cacti ) has  been  examined  b}r  Pelletier  and  Caventou.  (Ann.  cle 
Chim.  et  Phys .,  viii.,  271  •)  It  is  obtained  by  digesting  cochineal  in  ether, 
evaporating,  and  dissolving  the  residue  in  hot  anhydrous  alcohol,  which 
on  cooling  deposits  the  fat ; this  solution  must  be  repeated  till  it  is 
colourless.  The  fat  of  the  Coccus  polonicus , crystallizes  like  spermaceti. 
Cantliarides  also  contain  a fatty-matter,  and  an  acrid  principle,  or 
cantharadin.  If  the  watery  extract  of  these  insects  be  digested  in 
alcohol,  a tincture  is  obtained,  which  by  slow  evaporation  yields  a resinous 
residue ; if  this  be  digested  in  ether,  it  forms  a yellow  solution  ; by  spon- 
taneous evaporation  it  deposits  crystalline  plates,  which  may  be  freed 
from  some  adhering  colour  by  alcohol ; they  resemble  spermaceti  in 
appearance,  and  are  soluble  in  boiling  alcohol,  but  precipitate  as  it  cools. 
They  are  insoluble  in  water.  Besides  this  peculiar  principle,  cantliarides 
contain  a green  inert  oil,  soluble  in  alcohol ; a black  matter,  insoluble  in 
alcohol,  but  soluble  in  water ; a yellow  substance,  soluble  in  both ; a 
considerable  portion  of  uric  acid ; a little  acetic  acid,  and  phosphates  of 
lime  and  magnesia. 

Eggs*.  The  yolk  of  the  hens  egg  contains  about  30  per  cent,  of  oil. 
When  the  yolk  is  digested  in  alcohol  a yellow  solution  is  obtained,  which 
deposits  a crystalline  fat,  and  leaves,  on  evaporation,  a yellow  viscid  oil, 
which  easily  becomes  rancid.  The  insoluble  residue  is  white  and  pulve- 
rulent, and  consists  chiefly  of  albumen,  but  contains  a considerable  portion 
of  phosphorus  in  some  peculiar  state  of  combination. 


* The  changes  which  the  egg  under- 
goes during  incubation,  have  been  inves- 
tigated by  Dr.  Prout.  (Phil.  Trans.  1822.) 
New-laid  eggs  are  somewhat  heavier 
than  water,  but  gradually  become  lighter 
by  the  evaporation  of  water  and  substi- 
tution of  air,  through  the  shell.  When 
an  ordinary -sized  egg  is  boiled  in  water 
it  loses  about  three-tenths  of  a grain, 
consisting  of  the  sulphates,  phosphates, 
and  carbonates  of  lime  and  magnesia, 
animal  matter,  and  free  alkali.  Of  an 
egg  which  weighs  1000  grains,  106.9  parts 
constitute  the  shell,  604.2  the  ivhite , and 
288.9  the  yolk.  The  shell  contains  about 
2 per  cent,  of  animal  matter,  1 of  phos- 
phate of  lime  and  magnesia,  and  the 
residue  is  carbonate  of  lime  with  a trace 
of  carbonate  of  magnesia.  The  phospho- 
rus contained  in  the  yolk  yields  the 
phosphoric  acid  requisite  for  the  bones 
of  the  chick,  but  the  source  of  the  lime 


for  that  purpose  is  not  obvious;  Dr. 
Prout  could  not  detect  it  in  the  soft  parts 
of  the  egg,  and  there  is  no  apparent  vas- 
cular connexion  between  the  chick  and 
the  shell. 

The  eggs  or  roe  of  fish  contain  also  a 
considerable  proportion  of  oil.  The 
roe  of  the  sturgeon,  which,  when  salted, 
is  known  under  the  name  of  caviar , 
contains  6.2  albumen;  4.3  fat;  24.3  co- 
agulated albumen  and  membrane;  6.7 
common  salt;  0.5  phosphate  of  lime  and 
oxide  of  iron;  0.58  water.  (John.)  The 
melt,  or  soft  roe  of  the  male  fish,  re- 
sembles in  composition  the  liver  or  the 
brain ; it  yields  an  emulsion  with  water, 
containing  fat  and  albumen,  and,  when 
incinerated,  much  phosphoric  acid  is 
found  in  the  coal.  The  liver  of  many 
fish  is  abundant  in  a peculiar  kind  of 
oil ; that  of  the  cod-fish  yields  it  in  con- 
siderable quantity. 
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Ambergris,  which  is  a concretion  from  the  intestines  of  the  sperma- 
ceti whale,  also  contains  a considerable  portion  of  fatty-matter,  amounting, 
in  some  specimens,  to  60  per  cent.,  which,  according  to  Ohevreul,  re- 
sembles cholesterine.  Pelletier  and  Caventou  have  given  it  the  name  of 
Ambreine , and  it  is  stated  to  be  convertible  by  nitric  acid,  into  a peculiar 
body,  which  they  have  called  ambreic  acid.  It  is  only  found  in  the 
unhealthy  animal.  (Home’s  Lectures  on  Comparative  Anatomy , vol.  i.,  p. 
470.)  Benzoic  acid  has  been  found  in  some  specimens  of  ambergris;  in 
others,  equally  genuine,  there  are  no  traces  of  it. 

Musk , castor , and  civet,  exclusive  of  their  peculiar  and  odorous  prin- 
ciples, contain  distinct  species  of  fat. 

Intestinal  Concretions  sometimes  hear  a close  resemblance  to  gall- 
stones (p.  1162),  but  they  often  contain  peculiar  substances,  or  are 
formed  upon  extraneous  nuclei.  Dr.  Ure  has  described  one  resembling 
ambergris.  (Die.,  Art.  Intestinal  Concretions.)  The  oriental  Bezoar 
stones  are  also  apparently  of  this  description.  Intestinal  concretions 
are  not  uncommonly  formed  upon  fruit-stones,  and  seem  to  be  peculiarly 
frequent  where  the  diet  has  consisted  of  oatmeal.  One  examined  by  Mr. 
Children  (Phil.  Trans.,  1822)  consisted  of  animal  matter,  chiefly  gela- 
tine, 25.20;  resin  3.90;  ammonio-magnesian  phosphate  5.16;  phosphate 
of  lime  45.34;  vegetable  fibre  20.30. 

Alvine  calculi  have  sometimes  a peculiar  softness  upon  the  surface 
resembling  velvet.  One  of  these  was  found  by  Dr.  Wollaston  to  consist 
of  extremely  minute  vegetable  fibres,  or  short  needles,  pointed  at  both 
ends,  which  he  immediately  conjectured  to  arise  from  some  kind  of  food. 
For  some  time,  however,  he  failed  in  his  attempts  to  trace  this  substance 
to  its  origin:  but  Mr.  Clift,  of  the  College  of  Surgeons,  to  whom  the 
subject  was  mentioned  in  conversation,  having  put  the  question,  whether 
this  fibrous  substance  might  not  proceed  from  oats,  Dr.  Wollaston  was 
induced  to  examine  the  structure  of  this  seed;  and  the  result  fully 
verified  Mr.  Clift’s  conjecture.  In  Dr.  Alexander  Monro’s  Morbid 
Anatomy  of  the  Gullet,  mention  is  made  of  forty-two  alvine  concretions 
collected  by  the  author’s  father,  which  were  examined  by  Dr.  Thomson, 
Their  structure  (with  one  exception,  similar  in  all)  is  described  by  Dr. 
Monro  u as  more  or  less  porous,  and  somewhat  like  to  dried  sponge,  and 
when  examined  by  the  aid  of  a magnifying-glass,  seems  to  be  made  up 
of  a number  of  very  small  fibres  intimately  interwoven  with  each  other, 
like  those  in  a hat,  or  in  chamois  leather;  and  the  interstices  between 
the  fibres  are  filled  up  with  earthy  matter.”  And  he  adds,  “ in  the  centre 
of  the  concretion,  a prune  or  a cherry-stone , or  a small  piece  of  bone,  or 
a biliary  calculus,  is  generally  found.” 

Brain.  The  substance  of  the  brain,  nerves,  and  spinal -marrow, 
contains  fat,  together  with  albumen  and  phosphorus.  When  boiled  in 
alcohol  it  furnishes  a peculiar  fatty  matter,  which  the  solution  deposits 
as  it  cools,  in  brilliant  scales.  It  requires  a higher  temperature  than  that 
of  boiling  water  for  its  fusion,  and  appears,  in  many  respects,  analogous 
to  cholesterine.  The  same  substance  is  often  seen  in  the  alcohol  em- 
ployed to  preserve  anatomical  preparations  of  the  brain  and  nerves. 

According  to  Vauquelin,  the  cerebral  substance  consists  of  water 
80.00,  white  fatty-matter  4.53,  red  fatty -matter  0.70,  albumen  7-00, 
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osmazome  1.12,  phosphorus  1.50,  acids,  salts,  and  sulphur  5.15.  Ac- 
cording to  Couerbe,  the  crystalline  fatty-matter  of  the  brain  is  partly 
cholesterine.  (p.  1162.)  He  considers  the  proportion  of  phosphorus  in 
the  brain  of  persons  of  sound  intellect,  to  amount  to  from  2 to  2.5  per 
cent .,  but  he  asserts  that  this  element  is  in  deficiency  in  the  brain  of  idiots, 
and  in  excess  in  that  of  maniacs;  amounting  in  the  former  to  not  more 
than  1 to  1.5  per  cent .,  but  in  the  latter  to  as  much  as  3,  4,  and  even  4.5 
per  cent.  If  this  statement  be  verified  by  extended  inquiries,  it  appears 
to  include  a most  important  physiological  fact. 

Cerumen,  or  the  waxy  secretion  which  lines  the  external  tube  of  the 
ear,  has  been  examined  by  Yauquelin,  and  more  in  detail  by  Berzelius. 
( Thier-Chemie : Lehrhuch , iv.)  According  to  Yauquelin,  it  contains 
0.625  of  a brown,  buttery  oil,  soluble  in  alcohol,  0.375  of  an  albuminoid 
substance,  and  a bitter  extractive  matter.  According  to  Berzelius,  it  is 
a compound  of  a soft  fat,  with  albumen  and  another  peculiar  principle, 
a yellow  bitter  extract  soluble  in  alcohol,  an  extract  soluble  in  water, 
with  alkaline  and  calcareous  lactates;  but  it  contains  no  chloride,  and  no 
soluble  phosphate. 


§ VIII.  SHELL  and  BONE. 

We  are  indebted  to  Mr.  Hatchett  for  two  excellent  dissertations  on  the 
chemical  properties  of  these  parts  of  animals,  published  in  the  Philoso- 
phical Transactions  for  1799  and  1800.  He  has  divided  shells  into  two 
classes ; the  texture  of  the  first  is  compact,  brittle,  and  resembling  porce- 
lain; their  surface  is  smooth,  and  they  are  often  beautifully  variegated. 
When  exposed  to  a red-heat  they  crackle,  and  lose  the  colour  of  their 
enamelled  surface,  emitting  scarcely  any  smoke  or  smell.  They  dissolve 
in  dilute  muriatic  acid  with  copious  effervescence,  and  form  a transparent 
solution,  in  which  neither  pure  ammonia  nor  acetate  of  lead  produce  any 
precipitate,  but  carbonate  of  ammonia  throws  down  carbonate  of  lime. 
Hence  these,  which  are  called  porcellaneous  shells , may  be  considered  as 
composed  of  carbonate  of  lime,  united  to  a very  small  portion  of  gelatine : 
most  of  the  univalve  shells,  such  as  whelks,  limpets,  cowries,  and  many 
of  the  beautiful  convoluted  shells  of  tropical  countries,  belong  to  this 
class. 

The  second  class,  or  mother-of-pearl  shells , are  tougher,  glossy,  and 
iridescent ; they  are  mostly  bivalves,  and  all  the  oyster  and  muscle  species 
belong  to  it.  When  heated,  they  exhale  smoke  and  the  smell  of  burned 
horn;  immersed  in  muriatic  acid,  they  only  partially  dissolve,  and  leave 
a series  of  cartilaginous  layers,  and  an  outer  epidermis.  Each  membrane 
appears  to  have  a corresponding  stratum  of  carbonate  of  lime,  the  solution 
indicating  no  trace  of  any  phosphate.  The  animal  part  is  in  some  cases, 
as  in  mother-of-pearl,  tough  and  indurated,  and,  when  dried,  becomes 
exactly  like  horn ; in  other  instances,  as  in  the  bone  of  the  cuttle-fish,  it 
appears  in  the  form  of  delicate  and  tender  membrane. 

In  both  classes  of  shells,  therefore,  the  hardening  principle  is  carbo- 
nate of  lime;  in  porcellaneous  shells  there  is  very  little  animal  matter, 
which  is  gelatine;  and  in  mother-of-pearl  shells,  it  is  albumen,  and  in 
larger  quantities. 
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Pearls  are  exactly  similar  in  composition  to  what  is  termed 
mother-of-pearl , in  which  Mr.  Hatchett  found  carbonate  of  lime  66, 
albumen  24. 

Corals  or  Zoophytes , according  to  Mr.  Hatchett’s  researches,  may  be 
divided  into  four  classes : 1 . The  first  class  resembles  porcellaneous 

shells;  they  consist  entirely  of  carbonate  of  lime,  with  a very  minute 
quantity  of  gelatinous  matter;  of  this  the  common  white  coral  ( Madre - 
pora  virginea ) is  an  example.  2.  The  second  consists  of  carbonate  of 
lime,  and  a cartilaginous  substance,  and  is  therefore  analogous  to 
mother-of-pearl  shell;  to  this  class  belong  the  Madrepora  ramea , and 
Madrepora fascicularis . 3.  The  third  class  is  composed  of  a cartilaginous 

matter,  with  carbonate  and  phosphate  of  lime;  to  this  belongs  the  red 
coral.  ( Gorgonia  nobilis.)  4.  The  fourth  class  contains  sponges,  com- 
posed almost  entirely  of  animal  matter.  {Phil,  Trans.,  1800.) 

Bone  and  Ivory,  like  the  preceding  substances,  are  essentially  com- 
posed of  soft  and  hard  parts.  When  ground  bone  is  digested  in  warm 
water,  a portion  of  fat  is  first  separated,  and  by  long-continued  ebullition, 
a solution  which  gelatinizes  on  cooling  is  obtained.  If  fresh  bone  be 
immersed  in  diluted  muriatic  acid,  the  fat,  gelatine,  and  bony  matter  are 
dissolved,  and  a kind  of  skeleton  of  the  bone  remains  in  the  form  of  a 
cartilaginous  substance,  which,  when  dried,  exactly  resembles  horn.  It 
appears,  therefore,  that  the  soft  parts  of  bone  are,  fat , gelatine , and 
albumen. 

The  earthy  salts,  which  constitute  the  hardening  principle  of  bone, 
are  phosphate  and  carbonate  of  lime,  with  a minute  quantity  of  sulphate 
of  lime,  and  traces  of  phosphate  of  magnesia.  Fourcroy  and  Yauquelin 
obtained  from  ox-bones , animal  matter  51.0,  phosphate  of  lime  37-7? 
carbonate  of  lime  10.0,  phosphate  of  magnesia  1.3.  According  to  Ber- 
zelius, 100  parts  of  dry  huma7i-bones  contain  33.3  animal  matters,  51.04 
phosphate  of  lime,  11.30  carbonate  of  lime,  2 fluate  of  lime,  1.16  phos- 
phate of  magnesia,  soda,  chloride  of  sodium,  and  water  1.2.  Traces  of 
alumina,  silica,  manganese,  and  iron,  were  discovered  in  bones  by  Fourcroy 
and  Yauquelin,  and  of  sulphate  of  lime  by  Mr.  Hatchett. 

The  enamel  of  teeth  is  perfectly  destitute  of  cartilage,  and  consists 
chiefly  of  phosphate  of  lime  and  a portion  of  gelatine.  Mr.  Pepys 
found  its  component  parts,  phosphate  of  lime  78,  carbonate  of  lime  6, 
gelatine  16. 

The  same  chemist  has  given  the  following  as  the  composition  of  the 


teeth  (Fox,  On  the  Teeth.) 

Roots  of 

Teeth  of 

First  Teeth 

the  Teeth, 

Adults. 

of  Children. 

Phosphate  of  lime 

• « 58  * o 

64 

62 

Carbonate  of  lime  . 

• « 4 • • 

6 

6 

Cartilage  . . ' . . 

20 

20 

Water  and  loss  . . 

. . 10 

10 

12 

100 

100 

100 

The  difference  between  the  structure  and  composition  of  the  enamel 
and  bone  of  teeth,  is  well  illustrated  in  the  teeth  of  some  of  those  grami- 
nivorous animals,  in  which  the  enamel,  instead  of  being  external,  alter- 
nates in  layers  with  the  bone:  the  section,  for  instance,  of  the  elephant’s 
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tooth  exhibits  three  distinct  substances,  namely,  a hard  and  a softer  bone, 
and  an  enamel ; when  steeped  in  dilute  muriatic  acid,  the  latter  is  entirely 
dissolved;  the  bony  portions  leave  variable  proportions  of  cartilage. 

We  have  as  yet  but  few  accurate  comparative  analyses  of  the  bones  of 
different  animals.  In  human  bone  carbonate  of  lime  is  much  more 
abundant,  according  to  Berzelius,  than  in  that  of  the  ox : the  relative  pro- 
portions of  these  salts  also  vary  considerably  in  other  cases,  as  is  shown 
in  the  following  analyses  of  the  earthy  residue  of  different  bones,  by  De 
Barros.  (Berzelius’s  Lehrbuch .) 

Phosphate  of  Lime.  Carbonate  of  Lime. 


Lion 

95.0 

. . 2.5 

Sheep 

80.0 

. . 19.3 

Hen 

8 8.9 

. . 10.4 

Frog 

95.2 

. . 2.4 

Fish 

91.9 

. . 5.3 

The  bones  of  fish  appear,  in  almost  all  cases,  to  contain  much  less 
earthy  matter  than  those  of  quadrupeds  or  birds.  According  to  Chevreul, 
the  bones  of  the  head  of  the  cod  contain,  animal  matter  and  moisture 
43.94,  phosphate  of  lime  47.96,  carbonate  of  lime  5.50,  phosphate  of 
magnesia  2.00,  soda-salts,  chiefly  chloride,  0.60.  The  bones  of  the  haddock 
contain,  according  to  Dumenil,  animal  matter  37-63,  phosphate  of  lime 
55.26,  carbonate  of  lime  6.16,  traces  of  soda,  salts,  and  loss,  1.22. 

The  cartilaginous  part  of  the  bone  is  that  which  is  first  formed,  as 
seen  in  the  skeletons  of  young  animals;  and  in  the  case  of  a bone  being 
broken,  the  animal  portion  is  first  secreted,  and  it  is  gradually  hardened 
by  the  deposition  of  the  earthy  salts,  so  as  perfectly  to  reunite  the  frac- 
tured extremities;  it  is  stated  by  Lassaigne,  that  in  the  newly-formed 
bone,  phosphate  of  lime  at  first  predominates ; but  that  when  the  new 
portion  is  perfected,  it  contains  the  same  relative  proportions  of  phosphate 
and  carbonate,  as  those  of  the  original  bone. 

The  bones,  including  their  animal  matter,  are  the  most  durable  por- 
tion of  the  animal  fabric,  hence  the  proposal  of  storing  them  up  as  occa- 
sional sources  of  nutriment;  for  not  only  is  the  cartilaginous  portion 
unimpaired  in  bones  which  have  been  kept  dry  for  many  years,  but  it 
has  even  been  found  perfect  in  bones  of  apparently  antediluvian  origin. 
The  best  mode  of  extracting  the  njitritious  part  of  the  bone  for  human 
food  consists  in  grinding  it  fine,  and  subjecting  it  with  water  to  a heat  of 
about  212°,  in  a digester;  or  the  earthy  part  maybe  removed  by  muriatic 
acid.  When  dogs,  and  some  other  animals  are  fed  on  bones,  the  nutritive 
portion  is  effectually  abstracted  by  the  gastric  juice,  and  the  excrement, 
in  such  cases,  is  almost  entirely  phosphate  and  carbonate  of  lime,  forming 
the  Album  Gr cecum  of  old  pharmacy. 

When  bones  are  submitted  to  destructive  distillation,  the  gelatine 
and  albumen  which  they  contain  is  abundantly  productive  of  ammonia ; 
water  and  carbonic  acid  are  also  formed,  and  a portion  of  foetid  empy- 
reumatic  oil.  (p.  1131.)  There  remains  in  the  vessel  a quantity  of  char- 
coal mixed  with  the  earthy  substances,  which  is,  in  that  state,  called 
ivory  black.  It  is  employed  as  the  basis  of  some  black  paints  and 
varnishes,  and  is  applicable  to  many  other  useful  purposes  in  the  arts,  as 
a variety  of  animal  charcoal. 
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§ IX.  ANIMAL  FUNCTIONS. 

Chemistry  has  hitherto  done  little  towards  elucidating  the  functions  of 
animals , and  it  is  scarcely  possible  to  describe  the  little  that  has  been 
done,  without  such  frequent  reference  to  anatomical  and  physiological 
inquiries  as  would  be  irrelevant  to  the  present  work  : 1 shall,  therefore, 
only  enumerate  the  principal  chemical  phenomena  that  have  been  expe- 
rimentally illustrated,  in  relation  to  this  subject. 

Digestion  is  a process  by  which  the  food  of  animals  is  converted,  by 
a series  of  successive  changes,  into  chyle , and  which,  in  conjunction  with 
respiration , tends  to  the  production  of  blood.  The  mechanism  by  which 
this  important  function  is  carried  on  differs  considerably  in  the  different 
classes  of  animals : the  present  remarks  will  relate  chiefly  to  man,  and 
to  the  carnivorous  tribe. 

The  food  of  all  living  beings  is  necessarily  of  organic  origin,  some 
deriving  it  from  animal,  some  from  vegetable  sources,  and  some  from 
both.  But  all  organic  substances  are  not  susceptible  of  digestion,  and 
this  is  especially  the  case  with  those  belonging  to  the  vegetable  kingdom; 
and  as  one  of  the  functions  of  the  stomach  and  intestines  consists  in 
separating  the  nutritive  and  digestible  from  the  indigestible  substances, 
those  organs  are  generally  more  complicated  and  extended  in  gramini- 
vorous than  in  carnivorous  animals.  The  most  nutritive  and  digestible 
principles  of  vegetables,  are  those  which  include  nitrogen  as  one  of  their 
elements,  such  as  albumen,  gluten,  and  perhaps  a few  varieties  of  extrac- 
tive matter ; they  bear  some  resemblance,  in  this  respect,  to  animal 
products.  Yet  it  is  also  to  this  class  that  the  most  virulent  poisons 
belong ; so  that  the  existence  or  non-existence  of  nitrogen  is  far  from  a 
criterion  of  their  fitness  or  inaptitude  for  food.  Starch,  gum,  and  sugar, 
are  also  generally  regarded  as  highly  nutritive  principles,  and  they  are  so 
in  conjunction  with  the  former,  or  with  animal  food ; but  these  and 
other  substances  destitute  of  nitrogen,  are  not  alone  capable  of  indefi- 
nitely supporting  the  life  of  gramino-carnivorous  tribes ; and  it  is 
doubtful  how  far  graminivorous  animals  can  continue  to  exist  upon  them. 
The  experiments  of  Majendie,  and  of  Tiedemann  and  Gmelin,  upon 
these  subjects,  should  be  consulted ; they  seem  to  show  the  curious  fact 
that  no  single  substance  is  adapted  to  animal  sustenance,  for  geese  fed 
upon  gum  died  on  the  sixteenth  day,  those  fed  upon  starch  on  the 
twenty-fourth  day,  and  those  fed  on  boiled  white  of  egg  on  the  forty- 
sixth  day : in  all  these  cases  they  dwindled  away,  and  died  as  if  of 
starvation. 

Woody  fibre  is  generally  regarded  as  indigestible,  and  many  of  its 
modifications,  in  their  ordinary  states,  certainly  are  so,  for  they  pass 
through  the  stomach  and  bowels  unchanged  ; but  when  minutely  divided, 
or  modified  by  heat,,  or  in  the  attenuated  state  in  which  lignin  exists  in 
certain  roots  and  fruits,  it  probably  is  more  or  less  digestible.  Resins, 
and  analogous  substances  insoluble  in  water,  are  also  unfit  for  food. 
Vegetable  acids,  alcohol,  certain  aromatics,  and  oils,  are  rather  to  be 
considered  as  condiments  and  stimulants,  and  so  far  essential  to  digestion, 
than  as  contributing  to  the  direct  nutritive  power  of  food.  Among 
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animal  substances,  hair,  feathers,  the  shells  of  insects*,  and  a few  other 
products,  belong  to  the  class  of  absolute  indigestibles. 

The  food,  duly  masticated  in  the  mouth,  and  blended  with  a consi- 
derable portion  of  saliva,  is  propelled  into  the  stomach,  where  it  soon 
undergoes  a remarkable  change,  and,  in  the  course  of  a few  hours,  is 
converted  into  an  apparently  homogeneous  pulpy  mass,  which  has  been 
termed  chyme , and  which  has  little  or  no  resemblance  to  the  original 
food.  This  very  curious  change  is  only  referable  to  the  operation  of  the 
gastric  juice  (p.  1164)  ; the  remarkable  property  of  living  substances  to 
resist  its  action  is  curiously  illustrated  by  the  circumstance  that  the 
stomach  itself,  after  death,  is  occasionally  eaten  into  holes  by  it ; it 
coagulates  albuminous  substances,  and  afterwards  softens  and  dissolves 
the  coagulum. 

Although  animals  drink  copiously  with  their  food,  the  consistency  of 
the  chyme  is  not  apparently  much  affected  by  it,  and  by  the  time  that 
it  reaches  the  right,  or  pyloric  extremity  of  the  stomach,  the  greater  part 
of  the  liquid  lias  disappeared.  Sir  Everard  Home  has  shown  that  the 
liquids  are  removed  by  absorbents  belonging  principally  to  the  left,  or 
cardiac  portion  of  the  stomach,  and  that  during  digestion  there  is  an 
imperfect  division  of  the  stomach  into  two  cavities,  by  the  contraction  of 
the  bands  of  muscular  fibres  about  its  centre.  He  has  also  shown  that 
these  liquids  reach  the  kidneys,  and  pass  off  by  urine  ; and  was  led  to 
believe  that  the  spleen  was  the  channel  of  communication ; an  opinion, 
however,  which  his  subsequent  researches  tended  to  disprove. — ( Lectures 
on  Comparative  Anatomy , p.  221.) 

The  chyme  passes  from  the  stomach  into  the  small  intestines,  where 
it  soon  changes  considerably  in  appearance ; it  becomes  blended  with 
bile,  and  is  separated  into  two  portions,  one  of  which  is  white  as  milk, 
and  is  termed  chyle ; the  other  passes  on  to  the  large  intestines,  and  is 
ultimately  voided  as  excrementitious  t.  The  chyle  is  absorbed  by  the 
lacteals , which  terminate  in  the  common  trunk,  called  the  thoracic  duct ; 
it  is  there  mixed  with  variable  proportions  of  lymph,  and  poured  into 
the  venous  system.  The  excrements  of  animals  have  been  examined  by 
Berzelius  (Geiilens  Journal , vi. ;)  by  Vauquelin  {Ann.  de  Chim .,  xxix.;) 
and  by  Thaer  and  Einhoff. 

Chyle  has  been  examined  by  several  chemists,  and  their  results  are 
not  widely  different.  During  some  physiological  researches  in  which  I 
assisted  Sir  B.  Brodie,  I had  an  opportunity  of  collecting  it  in  consi- 


* Odier  has  applied  the  term  Chitin , 
(from  x‘™v,  a coat  of  mail,)  to  the  hard 
shells,  and  elytra  of  insects,  or  to  the 
most  insoluble  parts : they  would  appear, 
however,  from  Mr.  Hatchett’s  experi- 
ments, to  be  modifications  of  indurated 
albumen,  analogous  to  scales,  feathers, 
nail,  horn,  &c. 

-f-  The  necessity  of  bile  to  the  forma- 
tion of  chyle  has  been  illustrated  by  Sir 
B.  Brodie  {Quarterly  Journal,  O.S. , xiv., 
341).  When  the  choledoch  duct  was 
tied  so  as  effectually  to  prevent  the  flow 


of  bile  into  the  intestine,  no  chyle  was 
formed ; the  chyme  appeared  little 
altered ; and  the  lacteals,  instead  of  their 
usual  milky  fluid,  contained  a trans- 
parent fluid,  consisting,  apparently,  of 
lymph,  and  of  the  more  fluid  part  of  the 
chyme.  Tiedemann  and  Gmelin  assert, 
that  under  these  circumstances  chyle  is 
formed;  and  Berzelius  also  says  that 
chyle  is  formed,  but  that  it  is  transparent, 
because  its  oil  is  not  saponified : but  it 
must  surely  be  difficult  in  these  cases  to 
distinguish  between  transparent  chyle 
and  certain  modifications  of  lymph. 
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derable  quantities  in  several  carnivorous  and  graminivorous  animals,  and 
presented  an  account  of  my  experiments  upon  it  to  the  Royal  Society, 
{Phil.  Trans.,  1812.)  Chyle  is  an  opaque  white  fluid,  having  a sweetish 
saline  taste ; its  specific  gravity  is  inferior  to  that  of  the  blood.  It 
exhibits  slight  traces  of  alkaline  matter  when  tested  by  infusion  of 
violets ; soon  after  removal  from  the  thoracic  duct,  it  gelatinizes  sponta- 
neously, and  afterwards  gradually  separates  into  a firm  yellowisli-white 
coagulum,  and  a transparent  colourless  serum ; so  that,  like  the  blood,  it 
enjoys  the  property  of  spontaneous  coagulation. 

The  coagulum  of  chyle  possesses  properties  closely  resembling  those 
of  the  caseous  portion  of  milk,  and  may  hence  be  considered  as  a variety 
of  albumen;  the  serum  of  the  chyle , when  heated,  deposits  a few  flakes  of 
albumen,  and  by  evaporation  to  dryness  affords  a smalh  proportion  of  a 
substance  analogous  to  sugar  of  milk.  Small  portions  of  phosphate  of 
lime,  carbonate  of  soda,  and  common  salt,  may  also  be  detected  in  the 
chyle.  In  these  experiments  I found  no  essential  difference  in  the  chyle 
of  graminivorous  and  carnivorous  animals;  I examined  it  from  the 
horse,  the  ass,  the  dog,  and  the  cat ; Dr.  Marcet  thinks  that  the  former 
is  less  abundant  in  albumen  than  the  latter.  (Thomson  s Annals , vol.  vii.) 
From  a comparative  analysis  of  the  chyle  of  two  dogs,  by  Dr.  Prout,  of 
which  one  was  fed  on  vegetable,  and  the  other  on  animal  food,  the  com- 
ponents were  found  to  be  as  follow  ( Ann  of  Phil.,  xiii.  25)  : — 


Vegetable  Food. 

Animal  Food. 

Water  ....... 

93.6 

. . 80.2 

Fibrine  ....... 

0.6 

0.8 

Incipient  albumen  ? . 

4.6 

4.7 

Albumen  with  a little  red  colouring-matter 

0.4 

4.6 

Sugar  of  milk  ...... 

a trace 

0.0 

Oily  matter  ...... 

a trace 

. . a trace 

Saline  matter  ...... 

0.8 

0.7 

100.  100. 


There  can  be  little  doubt  that  the  bile  performs  an  important  part  in 
the  change  which  the  chyme  suffers  in  the  small  intestines ; it  has  been 
conjectured  that  its  aqueous,  and  perhaps  its  alkaline,  parts,  are  employed 
as  components  of  chyle,  while  the  albumino-resinous  matter  combines 
with  the  excrementitious  portion,  and  tends  to  stimulate  the  intestinal 
canal  towards  promoting  its  propulsion.  Whether  the  bile  is  absolutely 
necessary  to  the  formation  of  chyle,  is  a question  that  has  not  been  satis- 
factorily answered ; but  its  importance  is  demonstrated  by  the  emacia- 
tion that  attends  its  deficiency,  and  by  the  disordered  state  of  bowels 
that  accompanies  its  imperfect  secretion.  Sir  Everard  Home,  in  his 
Lecture  on  the  Functions  of  the  Lower  Intestines , ( Lectures , p.  468,)  has 
offered  some  curious  facts  connected  with  this  subject,  to  which  I refer 
the  physiological  reader.  He  is  of  opinion  that,  in  the  large  intestines, 
a portion  of  the  food  unfit  for  chylification  is,  by  a process  not  widely 
different  from  that  above  described,  converted  into  fat,  which  is  after- 
wards absorbed  and  conveyed  to  different  parts  of  the  body. 

In  chyle  we  cannot  fail  to  observe  an  approximation  to  blood ; it  is 
deficient  in  colouring-matter,  and  the  albumen  which  it  contains  differs 
somewhat  from  that  existing  in  the  blood  itself ; it  appears,  therefore,  that 
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tlie  albumen  is  perfected,  and  fibrin  and  colouring-matter  formed,  in  the 
process  of  circulation. 

The  difference  between  arterial  and  venous  blood  has  been  adverted 
to  in  a previous  section  ; the  former  is  of  a florid-red  colour,  and  circu- 
lates in  the  arterial  system ; it  is  contained  in  the  left  ventricle  of  the 
heart,  and  thence  carried  by  the  aorta , and  its  ramifications,  to  every  part 
of  the  body,  tending  to  reproduction  and  secretion : it  afterwards  enters 
the  veins  which  arise  from  the  extremities  of  the  arteries,  and  form 
accompanying  branches,  and  trunks,  ultimately  uniting  in  the  venae  cavce , 
which  pour  their  contents  into  the  right  auricle  of  the  heart ; the  venous 
blood  is  thence  propelled  into  the  right  ventricle,  from  which  the  pul- 
monary artery  arises,  transmitting  it  through  the  lungs,  whence  it  is  re- 
turned by  the  pulmonary  vein  into  the  left  auricle,  which  transmits  it 
to  the  left  ventricle,  from  which  issues  the  aorta  as  aforesaid.  So  that 
the  right  cavities  of  the  heart  receive  venous  blood,  and  transmit  it 
through  the  lungs,  whence  it  returns  to  the  left  side  of  the  heart,  in  the 
arterial  state.  In  the  lungs  the  blood  is  infinitely  subdivided,  and  spread 
over  a very  large  surface,  in  vessels  so  delicate  as  to  admit  of  the  opera- 
tion of  the  atmospheric  air  contained  in  their  cells ; it  enters  the  pul- 
monary structure  in  the  ve?ious  state  by  the  pulmonary  artery , and  returns 
in  the  arterial  or  aerated  state,  by  the  pulmonary  vein.  It  now  remains 
to  examine  the  changes  which  the  blood  undergoes  during  pulmonary 
circulation. 

Respiration  is  the  process  of  receiving  a quantity  of  air  into  the 
lungs,  whence,  after  having  been  retained  a short  time,  it  is  again  ex- 
pelled in  the  action  of  expiration  : and,  if  now  examined,  a portion  of 
its  oxygen  is  found  exchanged  for  carbonic  acid,  and  it  is  more  or  less 
loaded  with  aqueous  vapour.  The  nitrogen  of  the  air  probably  remains 
passive,  although  from  Dr.  Edwards's  experiments  there  appears  to  be 
some  doubt  upon  this  subject,  for  sometimes  it  appeared  to  be  emitted, 
and  sometimes  absorbed  in  small  quantities  by  the  blood.  (De  l’  Injluence 
des  Agens  Physiques  sur  la  Vie,  1 824.) 

Obvious  circumstances  render  it  very  difficult  to  ascertain  the  quan- 
tity of  air  taken  into  the  lungs  at  each  natural  inspiration,  as  well  as  the 
number  of  respirations  made  in  a given  time;  the  former  is,  perhaps, 
about  15  or  16  cubic  inches;  and  the  latter  about  20  in  a minute. 

It  has  been  by  some  supposed  that  the  air  suffers  an  absolute  dimi- 
nution of  bulk,  but  the  experiments  that  have  been  adduced  to  prove 
this,  can,  I think,  scarcely  be  regarded  as  satisfactory ; it  seems,  on  the 
contrary,  most  probable  that  the  volume  of  air  expired  is  exactly  equal 
to  that  inspired,  and  consequently  the  only  chemical  change  that  is  evi- 
dent is  the  saturation  of  a portion  of  its  oxygen  with  carbon*.  The 
quantity  of  carbonic  acid  emitted  at  each  expiration,  varies  at  different 
periods  of  the  day,  and  probably  also  in  different  individuals ; it  appears 
at  its  maximum  during  digestion,  and  at  its  minimum  in  the  morning, 
when  the  stomach  is  empty,  and  when  no  chyle  is  flowing  into  the  blood. 
Dr.  Prout  has  shown  that  fermented  liquors  and  vegetable  diet  diminish 

* Dr.  Edwards  thinks  that  a portion  of  air  disappears,  but  that  it  is  very  vari- 
able in  its  amount.  (Bostock,  Physiology , ii.,  101.) 
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the  proportion  of  carbonic  acid,  and  that  the  same  thing  happens  when 
the  system  is  affected  by  mercury.  (Thomson’s  System , iv.,  621.) 

The  air  expired  after  a single  expiration  has  generally  been  regarded 
as  containing,  on  an  average,  3.5  per  cent,  of  carbonic  acid  ; Messrs. 
Allen  and  Pepys,  however,  in  their  Essay  on  Respiration  {Phil.  Trans ., 
1808,)  have  estimated  it  at  about  twice  that  quantity;  it  amounted,  in 
their  experiments,  to  between  26  and  27  cubic  inches  per  minute,  a con- 
siderable quantity,  when  we  reflect  upon  the  comparative  proportion  of 
carbon  existing  in  our  food,  and  the  other  means  of  escape  which  it  has 
from  the  body. 

The  following  table  shows  the  results  of  several  experimentalists  in 
reference  to  the  average  quantity  of  air  required  for  respiration,  and  of 
carbonic  acid  produced,  by  a man.  (Gmelin.) 

Carbonic  acid  produced  Weight  of 
Of  oxygen  required  in  24  hours.  in  24  hours.  evolved  Carbon. 

' N / ” ^ \ — -J~ — i 

Cub.  inches.  Grains.  Cub.  inches.  Grains.  Grains. 

Lavoisier  and  Seguin  46037  . . 15661  . . 14930  . . 8584  . . 2820  (French.) 

Menzies  ....  51480  . . 17625 

Davy  .....  45504  . . 15751  . . 31680  . . 17811  . . 4853 

Allen  and  Pepys  . . 39600  . . 13464  . . 39600  . . 18612  . . 5148 

The  aqueous  vapour  contained  in  the  expired  air  is  probably  secreted 
by  the  exhalants  distributed  over  the  surface  of  the  air-vessels  of  the 
lungs,  and  derived  from  the  humidity  of  the  mouth,  fauces,  and  trachea. 
Attempts  have  been  made  to  estimate  its  quantity,  but  without  success ; 
perhaps  the  nearest  estimate  is  about  3 grains  per  minute ; it  is  liable  to 
variation,  and  can  scarcely  be  considered  as  a product  of  respiration.  It 
is  estimated  by  Menzies  to  amount  to  2880  grains  in  the  24  hours ; by 
Abernethy,  to  4320  ; by  Thomson,  to  9120;  by  Hales,  to  9792  ; and  by 
Lavoisier  to  13,704  grains. 

It  has  been  above  stated  that  the  whole  of  the  venous  blood  is  pro- 
pelled through  the  vessels  of  the  lungs,  where  it  is  subjected  to  the  action 
of  the  air  ; the  chyle  is  of  course  carried  along  with  it,  and  when  it  re- 
turns by  the  pulmonary  vein  to  the  left  side  of  the  heart,  it  has  under- 
gone a considerable  change  in  appearance,  having  lost  its  dingy  colour, 
and  acquired  a fine  florid  red ; the  chyle  also  has  become  perfect  blood. 
The  change  of  colour  is  evidently  owing  to  the  action  of  the  air,  which 
takes  place  through  the  thin  coats  of  the  circulating  vessels  (see  p.  1146), 
and  the  end  thus  attained  is  the  removal  of  the  carbonic  acid  from  the 
venous  blood.  The  only  chemical  difference,  then,  which  can  be  satis- 
factorily detected  between  arterial  and  venous  blood,  is  the  existence  of 
a certain  excess  of  carbon,  or  of  carbonic  acid,  in  the  latter ; when  this 
is  abstracted,  and  oxygen  substituted  for  it,  the  blood  is  fitted  for  the  re- 
novation of  parts,  for  the  formation  of  secretions,  and  for  the  sustenance 
of  life  by  its  action  on  the  cerebral  system  ; for  although  the  heart  does 
not  directly  refuse  to  circulate  venous  blood,  torpor  ensues  when  blood, 
not  aerated,  passes  into  the  vessels  of  the  brain. 

It  has  already  been  shown  that  the  blood  suffers  very  important 
changes  in  the  kidneys  and  liver ; the  function  of  perspiration  also  must 
be  considered  as  connected  with  an  alteration  of  the  circulating  fluid,  for 
moisture,  carbonic  acid,  and  minute  quantities  of  acid,  and  of  saline 
and  animal  matter,  among  which  are  acetic  or  lactic  acid,  acetate  and 
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muriate  of  ammonia,  and  chloride  of  sodium*  are  evacuated  by  the  cuta- 
neous vessels.  This  quantity  of  humidity  is  sometimes  very  considerable, 
especially  during  exercise  in  warm  weather,  and  it  probably  contributes 
materially  to  diminish  the  temperature  of  the  body ; a portion  of  water, 
however,  is  at  all  times  passing  otf  by  the  skin,  as  may  he  seen  by  putting 
the  hand  into  a dry  and  cold  glass,  which  soon  becomes  dimmed  by  the 
condensation  of  vapour  : this  is  termed  insensible  perspiration. 

Different  animals  require  very  different  quantities  of  oxygen  for  the 
purposes  of  respiration.  Man,  and  warm-blooded  animals,  consume  the 
largest  quantity ; the  amphibious  tribes  not  only  require  less,  but  can 
breathe  in  an  atmosphere  which  will  not  support  the  life  of  the  former ; 
and  many  insects  take  such  small  quantity,  as  sometimes  to  have  been 
sujiposed  capable  of  living  without  air,  which  is  not  the  case.  In  the 
production  of  carbonic  acid,  all  animals  agree ; and,  consequently,  the 
nature  of  the  deterioration  suffered  by  the  air  is  similar  throughout  the 
animal  creation. 

Fishes  breathe  the  air  which  is  dissolved  in  water;  they  therefore 
soon  deprive  it  of  its  oxygen,  the  place  of  which  is  supplied  by  carbonic 
acid;  this  is  in  many  instances  decomposed  by  aquatic  vegetables,  which 
restore  oxygen,  and  absorb  the  carbon;  hence  the  advantage  of  cultivating 
growing  vegetables  in  artificial  fish-ponds.  It  has  been  ascertained  by 
Biot,  and  verified  by  others,  that  the  air-bladders  of  fish  that  live  in  very 
deep  water,  are  filled  with  a mixture  of  oxygen  and  nitrogen,  in  which 
the  former  greatly  preponderates;  but  in  fish  that  are  taken  near  the 
surface,  the  nitrogen  is  most  abundant.  In  the  Trygla  lyra , always  caught 
in  very  deep  water,  the  air-bladder  contained  87  per  cent,  of  oxygen:  in 
the  carp  and  roach,  according  to  Fourcroy  and  Priestley,  the  air-bladder 
contains  little  else  than  nitrogen.  (Biot,  Memoir es  d’  Ar  cue'll , i.  and  ii.) 

The  production  of  animal  heat  is  perhaps  the  most  recondite  of  all 
the  functions;  the  power  appears  to  belong  to  all  animals,  though  to  some 
in  a very  inferior  degree.  The  higher  orders  of  animals  always  maintain 
a temperature  of  about  100°;  it  varies  a little  in  different  parts  of  the 
body,  the  extremities  and  surface  being  a degree  or  two  colder  than  the 
interior  vital  organs.  This  temperature  is  probably  very  little  affected  by 
external  circumstances,  a hot  or  cold  atmosphere  producing  no  corre- 
sponding change  in  the  heat  of  the  circulating  blood. 


* According  to  Anselmino,  as  quoted 
by  Tiedemann  and  by  Berzelius,  the  dry 
residue  obtained  by  evaporating  human 
sweat,  contains 

Saline  matters,  chiefly  calcareous,! 
and  insoluble  in  water  and  in  / 2. 

alcohol  . . . . J 

Substances  soluble  in  water,  but  | 
insoluble  in  alcohol,  comprising  j"  21. 
animal  matter  and  sulphuric  salts. ' 
Common  salt  and  extractive  mat-1 
ter  soluble  in  dilute  alcohol  f 
Extractive  matter,  lactic  acid,  and  j 
lactates,  soluble  in  anhydrous  \ 29. 
alcohol  .... 


The  relative  proportion  of  solid  mat- 
ter to  that  of  the  water,  in  sweat,  varies 
according  to  Thenard,  from  0.5  to  1.25 
per  cent.  (Ann.  de  Chim .,  nix.,  262.) 
Some  peculiar  matters  are  occasionally 
thrown  off  by  the  skin,  giving  rise  to 
coloured  perspiration.  I have  heard  of 
a case  in  which  a man’s  linen  was  thus 
tinged  blue ; and  Dr.  Williams  men- 
tions the  case  of  a lady  whose  perspira- 
tion, when  profuse,  dyed  the  clothes  on 
some  parts  of  her  person,  particularly 
the  wrists  and  neck,  of  a bright  crimson 
colour,  but  without  any  marks  of  blood  ; 
this  was  supposed  by  Dr.  Trout  to  be 
caused  by  sulphocyanate  of  iron. 
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When  the  chemical  changes  that  take  place  during  respiration  had 
been  inquired  into,  and  when  it  was  found  that  the  capacity  of  carbonic 
acid  for  heat  was  less  than  than  of  oxygen,  it  was  supposed  that  the 
conversion  of  oxygen  into  carbonic  acid  was  the  cause  of  the  rise  of 
temperature ; and  as  the  heat  of  the  lungs  does  not  exceed  that  of  other 
parts,  it  was  asserted  that  the  air  was  absorbed  by  the  blood,  and  that 
the  production  of  carbonic  acid,  and  consequent  evolution  of  heat,  took 
place  gradually  during  the  circulation.  To  these  opinions  many  strong 
objections  have  from  time  to  time  been  urged  by  different  physiologists, 
but  their  complete  subversion  followed  the  researches  of  Sir  B.  Brodie 
{Phil.  Trans .,  1812),  who  found  that  the  heart  was  capable  of  retaining 
its  functions  for  some  hours,  and  of  carrying  on  circulation,  in  a deca- 
pitated animal,  and  consequently  independent  of  the  influence  of  the 
brain,  when  respiration  was  artificially  carried  on.  Under  these  cir- 
cumstances it  was  observed,  that  although  the  change  of  blood  from  the 
venous  to  the  arterial  state  was  apparently  perfect,  heat  was  not  generated, 
for  the  animal  cooled  regularly  and  gradually  down  to  the  atmospheric 
standard.  In  more  than  one  instance  I examined,  at  his  request,  the 
expired  air,  and  found  that  it  contained  as  much  carbonic  acid  as  was 
produced  by  the  healthy  animal;  so  that  here,  circulation  went  on,  there 
was  the  change  of  oxygen  into  carbonic  acid,  and  the  alteration  of  colour 
in  the  blood,  and  yet  heat  appeared  not  to  be  generated*. 

In  these  cases,  a period  was  also  put  to  the  secretory  functions ; and 
it  has  been  observed  by  other  physiologists,  that  if  the  nerves  that  sujDply 
any  of  the  glands  are  injured  or  divided,  there  is  a corresponding  change 
or  suspension  of  their  secretion.  Electricity  has  sometimes  been  sup- 
posed to  have  some  connexion  with  the  nervous  influence  (p.  301),  and 
the  fact  of  some  of  the  secretions  being  alkaline,  while  others  are  acid, 
(corresponding  to  negative  and  positive  influence,)  has  been  adduced  in 
favour  of  the  supposition  {Phil.  Trans.,  1809,  p.  385;)  but  experiment 
has  gone  little  way  to  sanction  such  a notion ; and  although  it  has  been 
proved  that  the  nervous  injluence  contributes  to  the  generation  of  heat  in 
animals,  and  that  it  presides  over  the  phenomena  of  secretion,  as  well  as 
of  sensation  and  voluntary  motion,  neither  the  actual  cause  of  this 
influence,  nor  the  mode  in  which  it  operates  have  been  ascertained. 


* Upon  this  subject  Dr.  Turner  {Elem.  | 
of  Chemistry , 5th  edition,  983,)  makes 
the  following  remarks  : W ere  these  ex- 
periments rigidly  exact  they  would  lead 
to  the  opinion  that  no  caloric  is  evolved 
by  the  mere  process  of  arterialisation ; 
this  inference  however  cannot  be  ad- 
mitted for  two  reasons  ; first,  because 
other  physiologists  in  repeating  the  ex- 
periments of  Brodie,  have  found  that 
the  process  of  cooling  is  retarded  by 
artificial  respiration ; and  secondly,  be- 
cause it  is  difficult  to  conceive  why  the 
formation  of  carbonic  acid,  which  uni- 
formly gives  rise  to  increase  of  tempe- 
rature in  other  cases,  should  not  be 
attended,  within  the  animal  body  with  a 


[ similar  effect.  It  may,  hence,  be  in- 
ferred, that  this  is  one  of  the  sources 
of  animal  heat.  It  is  certain,  however, 
that  the  heat  of  animals  cannot  be 
maintained  by  the  sole  process  of  arte- 
rialization.  Consistently  with  this  fact, 
the  researches  of  Dulong  and  Despretz 
agree  in  proving,  in  opposition  to  the 
results  obtained  by  Lavoisier  and  Craw- 
ford, that  a healthy  animal  imparts  to 
surrounding  bodies  a quantity  of  heat 
considerably  greater  than  can  be  ac- 
counted for  by  the  combustion  of  the 
carbon  thrown  off  during  the  same 
interval  from  the  lungs  in  the  form  of 
carbonic  acid.  {Ann.  de  Chim.  et  Phys ., 
xxvi.) 
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L English  Weights  and  Measures 

The  Englisli  troy  pound  is  subdivided  into  twelve  ounces,  and  each 
ounce  is  equal  to  480  grains.  The  subdivisions  of  the  troy  ounce,  called 
Apothecaries  weight , are  into  8 drachms,  each  drachm  into  3 scruples, 
and  each  scruple  into  20  grains.  The  troy  ounce  is  also  sometimes 
divided  into  20  penny  weights,  of  24  grains  each.  These  are  the  weights 
generally  enrployed  by  chemists,  but  for  philosophical  purposes  ambiguity 
is  most  easily  avoided  by  employing  the  grain  as  integer : and  the 
laboratory  should  be  provided  with  good  sets  of  weights,  from  1000 
grains  downwards ; the  grain  should  be  decimally  subdivided  into  tenths 
and  hundredths. 

The  standard  of  most  articles  bought  and  sold  in  common  life  is  the 
avoirdupois  pound,  which  is  equal  to  7000  troy  grains,  and  is  divided 
into  16  ounces,  of  437*5  troy  grains  each.  The  avoirdupois  ounce  is 
legally  divided  into  16  drachms,  of  27*34375  grains  each;  but  this 
division  is  rejected  in  all  ordinary  cases,  in  consequence  of  the  confusion 
likely  to  result  between  the  troy  and  avoirdupois  drachm,  so  that  the 
term  drachm  is  almost  exclusively  employed  to  denote  the  eighth  part  of 
a troy  ounce,  or  60  grains. 

For  measures  of  capacity,  the  wine  pint  was  formerly  employed,  which 
corresponds  to  28.875  cubical  inches  of  water,  at  a temperature  of  60°. 
It  is  subdivided  into  16  ounces;  the  ounce  into  8 drachms.  Two  pints 
make  a quart,  and  4 quarts  a gallon. 

The  ale  pint  contains  35.25  cubical  inches  of  water,  at  60°, 

For  chemical  use,  the  most  convenient  measure  is  the  bulk  occupied 
by  the  troy  ounce  of  distilled  water,  which  may  be  subdivided  into  480 
grains,  and  which  is  equal  to  1 .8047  cubical  inches. 

The  length  of  the  pendulum,  vibrating  seconds  in  vacuo , in  the 
latitude  of  London  (51°  3F  8".4  North)  at  the  level  of  the  sea,  and  at 
the  temperature  of  62°,  iszr  39.13929  inches  of  Sir  George  Shuckburglfs 
standard  scale.  (Kater,  Phil.  Trans.,  1819,  p.  415.) 

In  the  following  Tables  are  shown  the  subdivisions  of  the  English 
troy  and  avoirdupois  pounds,  and  of  the  English  wine  gallon,  and  their 
correspondence  with  the  French  gramme  and  litre. 
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Troy  Weight. 


Pound.  Ounces.  Dims. 

Scruples.  Grains. 

Grammes. 

1 = 12  = 96 

= 288 

— 5 7 GO  = 

372.96 

1 = 8 

= 24 

= 480  r= 

3 1.08 

1 

= 3 

= GO  = 

3.885 

1 

= 20  — 

1.295 

1 = 

0.06475 

Avoirdupois 

Weight. 

Pound.  Ounces.  Drms. 

Grains. 

Grammes, 

I =r  18  = 2515 

= 7000  = 

453.25 

1 = 18 

= 437.5  — 

28,328 

1 

— 

27.34375  = 

1.7705 

Wine  Measure. 

Gal.  Pints.  Ounces. 

Drms. 

Cub.  Inch. 

Litres. 

i = 8 128  = 

1024 

= 231.  = 

3.78515 

1 = 16  = 

128 

= 28.875  = 

0.47398 

1 = 

8 

= 1.8047  = 

0.02957 

1 

= 0.2258  = 

0.00396 

The  Imperial  Gallon,  now  substituted  for  all  other  measures , is  one - 
fifth  more  than  the  old  wine  gallon  (30  Imperial  — : 36  Wine),  and  one- 
sixtieth  less  than  the  old  ale  gallon  (31.5  Imperial  “ 30  Ale.)  It 
contains  10  pounds  of  water , of  7000  grains  each  ( avoirdupois  pounds) 
“ 70,000  grains  — 277*273  cubic  inches  of  water  at  62°. 

II.  French  Weights  and  Measures. 

The  Frencli  metrical  system  is  founded  on  a single  standard  of  length, 
called  a metre , and  which  is  equivalent  to  the  ten-millionth  part  of  the 
arc  of  the  meridian,  extending  from  the  equator  to  the  pole.  The  length 
of  the  metre,  at  the  temperature  of  32°,  as  ascertained  by  Captain  Kater 
{Phil.  Trans.,  1818),  is  39.37079  English  inches. 

The  French  measures  increase  and  decrease  in  decimal  proportions,  a 
distinctive  prefix  being  put  to  the  term  by  which  the  integer  is  called. 
These  prefixes  are  deca,  hecto,  kilo,  and  myria,  taken  from  the  Greek 
numerals,  to  express  the  multiplication  of  the  integer  by  10,  100,  1000, 
and  10000  respectively : and  deci,  centi,  and  milli,  from  the  Latin 
numerals,  to  express  the  division  of  the  integer  by  10,  100,  or  1000;  as 


in  the  following  table: 

Metres. 

Metre. 

1 Myriametre  . . . 

= 10000 

1 Metre 

= 1 

1 Kilometre  . . . 

= 1000 

1 Decimetre  . . . 

= 0.1 

1 Hectometre  . . . 

= 100 

1 Centimetre  . . . 

— 0.01 

3 Decametre  . . . 

= 10 

1 Millimetre  . . 

= 0.001 

The  metre  is  the  integer  of  the  measure  of  length,  and  from  - it  all 
measures  of  surface,  capacity,  and  weight,  are  deduced  as  follows: 

For  square  dimensions,  the  metre,  or  its  parts  squared,  are  employed. 
When  used  for  measuring  land,  the  term  are  is  adopted,  which  is  a 
decametre  squared.  An  hectare , or  100  ares,  is  about  equal  to  2 English 
acres. 
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l^or  the  integer  of  the  measure  of  capacity,  the  cubed  decimetre  is 
employed,  under  the  name  of  litre,  which  is  about  equal  to  2k  English'* 
wine  pints. 

b or  the  integer  of  the  measure  of  weight,  the  weight  of  a cubic  centi- 
metre of  distilled  water,  at  32°,  has  been  adopted:  it  is  called  a gramme , 
and  is  equal  to  15.4  English  grains. 

Ihe  following  are  the  principal  tables  of  French  Weights  and  Measures, 
u hicli  will  be  found  useful  in  the  laboratory.  In  Appendix  II.  of  Aikin’s 
Dictionary , the  reader  will  find  several  others,  showing  the  relation  of 
the  French  to  the  English  standards. 


Measures  or  Length. 


English  inches. 

Millimetre  . . 

— 

.03937 

Centimetre  . 

— 

.39371 

Decimetre  . . 

— ■ 

3.93710 

Metre  .... 

— 

39.37100 

Mil. 

Fur 

Yds.  Feet,.  Tn 

Decametre  . . 

— 

393.71000 

= 0 

0 

10  2 

9.7 

Hecatometre  . 

— 

3937.10000 

= 0 

0 

109  1 

1 

Kilometre  . . 

— ■ 

39371.00000 

==  0 

4 

213  1 

10.2 

Myriometre  . . 

— 

393710.00000 

— 6 

1 

156  0 

6 

Measures  of 

Capacity,. 

Cubic  inches. 

Millilitre  . . 

r= 

.00103 

Centilitre  . . . 

— 

.61028 

English. 

Decilitre  . . . 

— 

6.10280 

Tons. 

Hogs.  Wine  G. 

Pints. 

Litre  .... 

— 

61.02800 

— 

0 

0 0. 

2.1133 

Decalitre  . . . 

— 

610.28000 

— 

0 

0 2. 

5.1352 

Hecatolitre  . 

— 

6102.80000 

— 

0 

0 26.419 

Kilolitre  . . . 

— - 

61028.00000 

— ■ 

1 

0 12.19 

—r 

Myriolitre  . . 

— 

010280.00000 

— 

10 

1 58.9 

Measures  of 

Weight. 

English  grains 

Milligramme  . . 

— 

.0154 

Centigramme  . . 

— 

.1544 

Decigramme  . . 

— 

1.5444 

Avoirdupois. 

Gramme  . . . 

— 

15.4440 

Poun.  Onn. 

Dram. 

Decagramme  . . 

— 

154.4402 

— 

0 0 

5.65 

Hecatogramme  . 

— 

1544.4023 

— 

0 3 

8.5 

Kilogramme  . 

— 

15444.0234 

— 

2 3 

5 

Myriogramme 

— 

154440.2344 

— • 

22  1 

2 

III.  Table  of  the  Specific  Gravity  of  Water,  at  every  degree  of 

Temperature,  from  30°  to  80°  Faiir. 

The  following  Table  is  given  by  Mr.  Gilpin,  in  the  84th  volume  of  the 
Philosophical  Transactions , and  is  of  essential  use  for  taking  the  specific 
gravities  both  of  solids  and  fluids,  by  enabling  the  operator  to  reduce  the 
weight  or  bulk  of  the  distilled  water  employed  in  any  case,  to  that  which 
it  would  have  at  any  other  common  temperature,  and  particularly  to  60°, 
which  is  the  usual  standard. 

Thus,  for  example,  since  the  specific  gravity  of  water  at  47°  is  1 .0008, 
and  at  60°  is  1.00000,  (and  consequently  1.0008  grains,  at  47°,  are  equal 
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in  bulk  to  10,000  grains  at  60°),  it  follows  that  it  would  require  252,708 
grains,  at  47°,  to  equal  the  space  of  a cubic  inch:  for  10,000  : 10,008  : : 
252,506  (the  weight  of  a cubic  inch  at  60°),  : 252,708. 

The  remarkable  anomaly  of  the  specific  gravity  of  water  decreasing 
through  all  the  degrees  of  temperature  below  40°,  or  thereabouts,  that  it 
remains  uncongealed,  has  been  noticed  under  the  article  Heat  ; but  the 
difference  for  one  or  two  degrees  above  or  below  40c  is  so  trifling,  that  it 
has  hardly  yet  been  ascertained  with  perfect  accuracy. 


\Thr. 

Sp.  Grav. 

Fa  hr. 

Sp.  Grav. 

F ahr. 

Sp.  Grav. 

Fahr, 

Sp.  Grav. 

30° ... 

1.00074 

43° ... 

1.00090 

56°. .. 

1.00031 

69°. .. 

0.99906 

31  ... 

1.00078 

44  ... 

1 . 00088 

57  ... 

1 .00024 

70  ... 

0.99894 

32  ... 

1.00082 

45  ... 

1.00086 

58  ... 

1.00016 

71  - 

0.99882 

33  ... 

1 .00085 

46  ... 

1.00083 

59  ... 

1.00008 

72  ... 

0.99869 

34  ... 

1.00088 

47  ... 

1.00080 

60  ... 

1.00000 

73  ... 

0 . 99856 

35  ... 

1.00090 

48  ... 

1.00076 

61  ... 

0.99991 

74  ... 

0.99843 

36  ... 

1.00092 

49  ... 

1.00072 

62  ... 

0.99981 

75  ... 

0.99830 

37  - 

1.00093 

50  ... 

1.00068 

63  ... 

0.99971 

76  ... 

0.99816 

38  ... 

1.00094 

51  ... 

1.00063 

64  ... 

0.99961 

77 

0.99802 

39  ... 

1 . 00094 

52  ... 

1.00057 

65  ... 

0.99950 

78  ... 

0.99788 

40  ... 

1.00094 

53  ... 

1.00051 

66  ... 

0.99939 

79  ... 

0.99774 

41  ... 

1.00093 

54  ... 

1.00045 

67  ... 

0.99928 

80  ... 

0.99759 

42  ... 

1,00092 

55  ... 

1.00038 

68  ... 

0.99917 

IV.  Analysis  of  Mineral  Waters. 


The  following  observations  may  perhaps  be  useful  in  directing  the 
student’s  attention  to  a few  of  the  leading  points  in  the  examination  of 
mineral  waters.  The  means  of  calculating  the  composition  of  the  pre- 
cipitates, and  other  details  of  quantitative  analysis,  are  not  here  repeated, 
as  they  are  fully  explained  in  other  parts  of  this  work.  The  principal 
tests  and  re-agents  which  he  will  require  are  as  follows: 
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Pure  sulphuric  acid, 
nitric  acid, 
muriatic  acid. 

Dilute  sulphuric  acid,  1 acid  -f-  3 water. 
,,  nitric  acid 
„ muriatic  acid 
Solution  of  potassa. 

soda, 
ammonia. 

carbonate  of  potassa. 
carbonate  of  soda, 
carbonate  of  ammonia, 
oxalic  acid, 
oxalate  of  ammonia, 
baryta. 

acetate  of  baryta, 
lead. 
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Solution  of  nitrate  of  baryta. 

„ phosphate  of  soda. 

,,  sulphate  of  silver. 

„ iodine  in  alcohol. 

„ nitrate  of  silver. 

„ ferrocyanuret  of  potassium. 

„ chloride  of  calcium. 

„ hydrosulphuret  of  ammonia. 
„ iodide  of  potassium. 

„ soap  in  alcohol. 

„ chloride  of  platinum. 

Tincture  of  galls. 

Phosphorus. 

Sulphate  of  lime. 

Test-papers,  (turmeric,  litmus,  violet.) 

Black  flux. 

Nitrate.of  ammonia. 


The  following  will  also  be  requisite:  Florence  flasks,  Wedgwood  and 
glass  basins,  a platinum  and  a silver  crucible,  a silver  capsule,  some 
funnels,  test-glasses,  test-tubes,  and  glass  rods,  filtering-paper,  a spirit 
and  an  Argand  lamp,  a retort  and  receiver,  a copper  basin  to  serve  as 
sand-bath,  a blowpipe,  a thermometer,  a scale  of  equivalents,  a dropping- 
bottle,  a few  watch-glasses,  a support  for  holding  glasses  over  a lamp,  a 
small  brass  stand  with  rings,  a pipette  for  drawing  up  small  portions  of 
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liquids,  platinum  pincers;  a small  but  good  balance,  with  well-adjusted 
weights,  is  also  requisite,  accompanied  by  a phial  and  counterpoise  for 
taking  specific  gravities;  and,  lastly,  a small  mercurial  trough.  There 
should  also  be  a plentiful  supply  of  distilled  water,  a portion  of  which 
should  be  contained  in  a dropping-bottle.  These  tests  and  apparatus, 
with  instructions  for  their  use,  may  be  obtained  at  Mr.  Newman’s, 
Regent-street. 

I.  i.  The  term  Mineral  Water,  is  applied  to  those  natural  spring- waters 
which  contain  so  large  a proportion  of  foreign  matter  as  to  render  them 
unfit  for  common  domestic  use,  and  to  confer  upon  them  a sensible 
flavour,  and  a specific  action  upon  the  animal  frame.  Their  temperature  is 
liable  to  variation,  and  is  sometimes  their  principal  character,  as  is  the 
case  with  the  waters  of  Bath  and  Buxton;  but  they  are  generally  so  far 
impregnated  with  acid  or  saline  bodies,  as  to  derive  from  them  their 
peculiarities,  and  in  this  respect  may  conveniently  be  arranged  under  the 
heads  of  carbonated , sulphureous , saline , and  chalybeate  waters.  (See  the 
annexed  table.)  The  mere  taste  of  the  water  enables  us  to  determine  to 
which  of  these  subdivisions  it  probably  belongs. 

ii.  In  examining  a mineral  water,  it  is  of  importance  to  ascertain  its 
specific  gravity , which  gives  some  insight  into  the  proportion  of  its  saline 
ingredients.  Mr.  Kirwan  ( Essay  on  Mineral  Waters , p.  145)  has  given 
the  following  formula  for  calculating  the  proportion  of  saline  substances 
in  a waiter  of  known  specific  gravity:  “subtract  the  specific  gravity  of 
pure  water  from  that  of  the  water  examined,  and  multiply  the  remainder 
by  1.4.  The  product  is  equal  to  the  saline  contents  in  a quantity  of  the 
water  denoted  by  the  number  employed  to  indicate  the  specific  gravity  of 
distilled  water.  Thus,  suppose  the  specific  gravity  of  the  water  = 1.079, 
and  that  of  pure  water  — : 1.000,  then  79  X 1.4  s=110.6  — saline  contents 
in  1000  of  the  mineral  water.”  It  is  advisable  to  conjoin  this  method 
with  the  following: 

iii.  Evaporate  a given  wTeight,  say  1000  parts,  to  dryness,  and  expose 
the  residue  for  24  hours  to  a temperature  not  exceeding  300°  upon  a 
platinum  capsule ; weigh  it  w hile  warm,  and  the  mean  obtained  from 
this  and  the  former  experiment  will  give  the  proportion  of  dry  saline 
ingredients  within  a trifling  error.  Thus,  suppose  1000  parts  of  the 
above-mentioned  water  give  by  evaporation  114.4  dry  residue,  then 
110.6  -f-  114.4  “ 225  -f-2  “ 112.5  = quantity  of  saline  matter  in  a dry 
state  (salts  deprived  of  water  of  crystallization)  existing  in  the  water. 

iv.  Having  ascertained  the  relative  quantity  of  foreign  matter  in  the 
wrnter,  the  nature  of  the  substances  present  is  next  to  be  inquired  into. 
The  substances  which  have  been  found  in  mineral  waters  are  extremely 
numerous,  as  may  be  seen  in  the  annexed  analyses  by  Berzelius  and 
Struve  : those  which  very  ordinarily  occur  are  the  following  : — Oxygen, 
nitrogen,  carbonic  acid,  sulphuretted  hydrogen,  carbonate  of  lime,  car- 
bonate of  magnesia,  carbonate  of  iron,  muriate  of  magnesia,  chloride  of 
sodium,  sulphate  of  magnesia,  sulphate  of  soda,  and  sulphate  of  lime. 

a.  Oxygen  and  nitrogen  exist  in  the  greater  number  of  spring-waters 
in  the  proportions  constituting  atmospheric  air ; the  proportion  of  nitrogen 
is,  however,  not  unfrequently  predominant.  These  gases  give  no  peculiar 
flavour  to  the  water. 
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b.  Carbonic  acid  renders  waters  sparkling  and  effervescent : it  is 
detected  by  occasioning  a precipitate  in  aqueous  solution  of  baryta,  wliich 
dissolves  with  effervescence  in  dilute  muriatic  acid. 

c.  The  presence  of  sulphuretted  hydrogen  is  known  by  its  odour ; by 
the  production  of  a black  precipitate,  on  dropping  into  the  water  a solu- 
tion of  nitrate  of  silver ; and  by  the  deposition  of  sulphur,  on  adding  a 
few  drops  of  nitric  acid. 

d.  The  carbonates  are  dissolved  in  the  water  by  excess  of  carbonic 
acid,  and  consequently  fall  upon  its  expulsion  by  boiling.  Carbonate  of 
lime  and  magnesia  are  deposited  in  the  form  of  a wdiite  precipitate. 
Carbonate  of  iron  occasions  the  separation  of  a brown  powder,  and  the 
water  is  blackened  by  a few  drops  of  tincture  of  galls. 

e.  Mr.  Phillips,  in  his  analysis  of  Bath  waters,  has  shown  that  the  deli- 
cacy of  galls,  as  a test  for  iron,  is  affected  by  the  presence  of  certain  salts  : 
if  the  iron  be  in  the  state  of  protoxide,  its  detection  is  facilitated  by  salts 
with  a base  of  lime,  and  by  alkalis ; if  in  the  state  of  peroxide,  lime  pre- 
vents the  action  of  the  test.  This  is  well  shown  by  dissolving  a very 
minute  portion  of  protosulphate  of  iron  in  a glass  of  distilled  water,  and 
adding  a drop  of  tincture  of  galls,  which  occasions  no  immediate  disco- 
loration; but  a drop  of  lime-water,  or  other  alkali,  instantly  renders  the 
presence  of  iron  evident ; so  that  the  quantity  of  iron  present  in  a water 
cannot  be  correctly  judged  of  by  the  degree  of  precipitation  occasioned  in 
it  by  tincture  of  galls. 

f.  Ferrocyanuret  of  potassium  is  also  a good  test  to  show  minute 
quantities  of  iron  in  water,  by  the  blue  precipitate  which  it  occasions ; its 
action  is  aided  by  previously  adding  two  or  three  drops  of  nitric  acid  to 
the  water ; but  it  is  an  equivocal  test  compared  with  galls. 

g.  The  presence  of  chlorides  or  muriatic  salts  is  indicated  by  a white 
cloud,  insoluble  in  nitric  acid,  on  adding  sulphate  of  silver. 

h.  The  sulphates,  when  present  in  water,  afford  a white  precipitate 
on  the  addition  of  nitrate  of  baryta,  which  is  insoluble  in  nitric  acid. 

i.  Lime  is  recognised  by  a white  cloud  on  dropping  oxalate  of 
ammonia  into  the  water.  A portion  of  the  precipitate  collected  upon 
leaf- platinum,  and  heated  before  the  blow-pipe,  may  be  burned  into 
quicklime. 

k.  Magnesia  is  rendered  evident  by  adding  carbonate  of  ammonia, 
which  throws  down  the  lime,  and  subsequently  dropping  in  phosphate  of 
soda,  which,  when  magnesia  is  present,  carries  it  down  in  the  form  of  a 
granular  precipitate  of  ammoniaco-magnesian  phosphate. 

Such  are  the  readiest  means  of  recognising  the  presence  of  the  various 
substances  that  commonly  occur,  by  the  action  of  re-agents  or  tests ; and, 
having  gained  such  general  information,  we  next  proceed  to  the  analysis 
of  the  water,  in  order  to  ascertain  the  relative  proportions  of  the  gaseous 
and  saline  ingredients  which  it  holds  dissolved. 

II.  v.  To  ascertain  the  relative  proportions  of  the  gaseous  contents 
of  water  with  perfect  accuracy,  is  difficult,  and  rarely  necessary;  the 
following  method  is  sufficiently  precise  in  all  ordinary  cases.  Provide  a 
Florence  flask  capable  of  holding  rather  more  than  a measured  wine- 
pint,  which  quantity  of  the  water  under  examination  is  to  be  introduced 
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into  it,  and  a cork  carefully  fitted  to  its  neck,  through  a perforation,  in 
which  is  inserted  a glass  tuhe  one-eighth  of  an  inch  in  diameter,  rising 
perpendicularly  about  eighteen  inches,  and  then  bent  so  as  to  pass  con- 
veniently under  the  shelf  of  the  mercurio-pneumatic  apparatus.  (Where 
a sufficiency  of  mercury  cannot  he  procured,  warm  water  may  he  sub- 
stituted, if  only  carbonic  acid  be  present,  and  it  may  be  absorbed  by 
transferring  the  jar  containing  it  to  a solution  of  potassa.)  The  flask 
should  be  placed  over  an  Argand  lamp,  and  heat  gradually  applied  till 
the  water  fully  boils.  The  gas  evolved  is  to  be  collected  in  the  usual 
way,  in  a graduated  jar  over  quicksilver,  and  submitted  to  the  following 
examination  — 

vi.  Throw  up  a small  quantity  of  solution  of  potassa,  which,  if 
carbonic  acid  be  present,  will  absorb  it,  and  the  quantity  will  he  shown 
by  the  diminution  of  bulk. 

vii.  Introduce  the  remaining  air,  or  a portion  of  it,  into  a small  bent 
tube,  containing  a bit  of  phosphorus ; heat  it  so  as  to  kindle  the  phos- 
phorus, and  note  the  diminution  of  bulk  when  cold.  It  is  proportional 
to  the  oxygen  present,  and,  if  equal  to  one-fifth  of  the  whole  hulk,  the 
gas  may  he  regarded  as  atmospheric  air. 

viii.  If  sulphuretted  hydrogen  be  present  it  may  be  separated  by 
alcoholic  solution  of  iodine,  which  absorbs  it,  and  scarcely  takes  up  more 
than  its  own  volume  of  carbonic  acid  gas.  Chlorine,  added  to  a mixture 
of  sulphuretted  hydrogen  and  carbonic  acid,  will  also  produce  the  absorp- 
tion of  the  former,  if  a little  water  be  present ; but  it  cannot  he  con- 
veniently used  over  mercury. 

ix.  During  the  ebullition  it  not  unfrequently  happens  that  a precipi- 
tation ensues,  indicating  that  the  substances  thrown  down  were  dissolved 
by  carbonic  acid  ; and  in  that  case  they  should  be  separated  upon  a filter, 
a;  after  which  the  remaining  water  may  be  evaporated  to  dryness  in  a 
glazed  porcelain  basin ; the  dry  residue  must  be  transferred  to  a silver 
capsule,  and  perfectly  desiccated  at  a temperature  not  exceeding  500°.  b. 

The  precipitate  a may  consist  of  carbonate  of  lime,  of  carbonate  of 
magnesia,  or  of  oxide  of  iron ; or  it  may  be  a mixture  of  the  three ; dis- 
solve it  in  dilute  muriatic  acid,  and  add  oxalic  acid,  which  throws  down 
oxalate  of  lime ; separate  this  by  filtration,  and  saturate  the  filtrated 
portion  with  carbonate  of  ammonia,  which  precipitates  the  peroxide  of 
iron,  and  having  removed  this,  evaporate  the  residuary  mixture,  and 
expose  the  dry  salt  to  a red  heat  in  a small  platinum  capsule ; the 
magnesia , if  any  were  present,  will  remain ; if  not,  there  will  be  no 
residue ; for  the  oxalic  acid  and  muriate  of  ammonia  will  be  destroyed 
and  volatilized. 

When  carbonic  acid  holds  iron  in  solution,  the  metal  is  in  the  state 
of  protoxide,  and  if  air  be  excluded,  it  requires  long  boiling  to  decompose 
it ; for  the  same  reason,  if  the  water  he  exposed  under  the  exhausted 
receiver  of  the  air-pump,  it  does  not  readily  become  brown,  as  is  the  case 
when  it  is  exposed  to  air;  a drop  or  two  of  nitric  acid  facilitates  the 
deposition  of  the  red  oxide. 

x.  The  dry  residue  b,  is  to  he  digested  in  six  or  eight  parts  of  boiling 
anhydrous  alcohol,  which  will  take  up  muriate  of  magnesia,  and  in  some 
rare  cases  (where  no  sulphates  are  present)  muriate  of  lime.  Filter  off 
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the  alcoholic  solution,  and  wash  the  residue  c with  a little  fresh  alcohol, 
which  add  to  the  former,  and  evaporate  to  dryness  d.  The  dry  mass  D, 
exposed  for  some  time  to  a heat  of  500°,  is  generally  pure  muriate  of 
magnesia  : if  it  contain  muriate  of  lime , the  latter  earth  may  he  separated 
by  solution  of  oxalic  acid,  in  the  state  of  oxalate  of  lime. 

It  is,  in  some  cases,  convenient  to  convert  the  muriates  of  lime  and 
magnesia  into  sulphates,  by  pouring  upon  them  excess  of  sulphuric  acid, 
evaporating  to  dryness,  and  heating  the  dry  mass  red  hot.  The  sulphate 
of  magnesia  may  then  be  almost  completely  separated  from  the  sulphate 
of  lime,  by  a small  quantity  of  cold  water ; or  a saturated  solution  of  sul- 
phate of  lime  may  be  used,  which  takes  up  the  sulphate  of  magnesia,  and 
leaves  the  sulphate  of  lime. 

xi.  The  residue  c,  insoluble  in  alcohol,  may  contain  chloride  of  sodium , 
sulphate  of  soda , sulphate  of  magnesia , and  sulphate  of  lime ; digest  it  in 
ten  parts  of  boiling  distilled  water,  which,  when  cold,  will  have  taken  up 
everything  but  sulphate  of  lime , of  which  an  inappreciable  portion  only 
will  have  been  dissolved;  separate  the  solution  into  two  equal  portions, 
a and  b , which  may  afterwards  be  further  diluted. 

To  a add  nitrate  of  silver,  and  wash  and  dry  the  precipitate,  which 
is  chloride  of  silver,  146  parts  indicate  60  of  chloride  of  sodium. 

To  b add  acetate  of  baryta  as  long  as  it  occasions  a precipitate,  which 
is  sulphate  of  baryta,  e,  and  which  is  to  be  separated,  dried,  and  weighed. 
117  grains  are  equivalent  to  72  of  dry  sulphate  of  soda  and  60  of  dry 
sulphate  of  magnesia. 

In  order  to  ascertain  the  quantity  of  magnesia  present,  and  conse- 
quently the  quantity  of  sulphuric  acid  belonging  to  it,  evaporate  the  liquid 
filtered  otf  the  barytic  precipitate  e to  dryness;  it  will  contain  chloride  of 
sodium,  acetate  of  soda,  acetate  of  magnesia,  and,  probably,  a portion  of 
the  added  acetate  of  baryta ; ignite  the  dry  mass,  and  wash  it  to  separate 
the  chloride  of  sodium  and  the  soda;  magnesia  and  carbonate  of  baryta 
will  remain  insoluble,  upon  which  pour  dilute  sulphuric  acid;  digest, 
filter,  and  evaporate  the  clear  liquor  to  dryness ; it  is  sulphate  of  magnesia, 
equivalent  of  course  to  the  original  portion  of  the  salt;  deduct  the  sul- 
phuric acid  contained  in  it  from  the  whole  in  the  precipitate  e,  and  the 
remainder  will  give  the  quantity  united  to  the  soda. 

xii.  To  estimate  the  quantity  of  sulphate  of  lime  in  the  water,  the 
residue  of  the  evaporation  of  one  pint  may  be  washed  with  cold  saturated 
solution  of  sulphate  of  lime,  which,  in  most  cases,  will  dissolve  everything 
but  that  sulphate,  and  which  may  thus  be  obtained  and  weighed ; or,  add 
oxalate  of  ammonia  to  a given  quantity  of  the  boiled  and  filtered  vrater, 
collect  the  precipitate,  and  give  it  a red-heat  with  excess  of  sulphuric 
acid,  by  which  it  is  converted  into  sulphate  of  lime , equivalent  to  the 
original  in  the  water. 

xiii.  Besides  the  substances  now  enumerated,  and  which  may  be  con- 
sidered as  the  most  frequently  occurring  ingredients  in  mineral  waters, 
the  following  are  occasionally  present: 

a.  Carbonate  of  Soda  is  known  to  exist  in  water,  when,  after  having 
been  boiled  down  to  half  its  bulk,  and,  if  necessary,  filtered,  it  reddens 
turmeric  paper,  and  restores  the  blue  of  litmus  reddened  by  vinegar;  it 
also  affords  an  effervescent  precipitate  with  nitrate  of  baryta,  soluble  in 
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dilute  nitric  acid.  This  carbonate  is  incompatible  with  the  soluble  salts 
of  lime. 

Muriate  of  lime  may  also  be  used  to  detect  the  alkaline  carbonates, 
with  which  it  affords  a precipitate  of  carbonate  of  lime.  Carbonate  of 
soda  is  distinguished  from  that  of  potassa,  by  the  latter  affording  a preci- 
pitate in  neutral  muriate  of  platinum,  which  the  former  does  not.  Car- 
bonate of  ammonia  is  discoverable  by  its  smell,  when  acted  on  by  caustic 
fixed  alkali  or  lime:  also  by  its  action  on  test-papers. 

. b.  Silica  is  detected  by  evaporating  the  water  to  dryness,  and  boiling 
the  residue  in  dilute  muriatic  acid.  The  silica,  if  present,  remains  as  a 
white  powder  not  altered  by  a red-heat,  but  instantly  fusing  with  a par- 
ticle of  carbonate  of  soda. 

Boracic  acid  and  borax  have  been  found  in  certain  lakes  in  India,  and 
in  some  parts  of  Italy.  To  detect  boracic  acid,  evaporate  to  one-eighth 
the  original  bulk  of  the  water,  and  add  carbonate  of  soda  as  long  as  it 
occasions  any  precipitate;  boil  and  filter.  The  filtered  liquor  will  contain 
borate  of  soda  with  some  other  salts  of  the  same  basis ; evaporate  to  dry- 
ness in  a platinum  crucible,  and  digest  the  residue  in  three  or  four  parts 
of  sulphuric  acid,  diluted  with  its  bulk  of  water.  If  boracic  acid  be 
present,  it  will  separate  in  micaceous  crystals. 

d.  Alumina  has  been  found  in  a few  mineral  waters  in  the  state  of  a 
sulphate.  It  may  be  separated  by  the  following  process:  Evaporate  to 
dryness,  digest  in  alcohol,  and  redissolve  the  residue  in  eight  parts  of 
water;  filter  and  add  oxalic  acid,  which  throws  down  lime,  and  which, 
being  separated,  leaves  magnesia  and  alumina  in  solution.  Carbonate  of 
ammonia  throws  down  the  alumina  and  leaves  the  magnesia. 

Pure  ammonia  throws  down  both  alumina  and  magnesia.  These 
earths  may  be  separated  by  solution  of  potassa,  which  dissolves  the  former 
but  not  the  latter. 

e.  Manganese  is  sometimes  found  in  water,  but  only  in  very  small 
proportion,  so  as  not  to  amount  to  more  than  a trace.  Dr.  Scudamore 
found  a trace  of  manganese  in  the  waters  of  Tunbridge  Wells,  and  it  has 
never  been  discovered  in  larger  proportion. 

f Certain  nitrates  are  occasionally  present  in  water.  Nitrate  of  lime 
will  be  taken  up  from  the  residue  of  evaporation  by  alcohol,  and  may  be 
decomposed  by  carbonate  of  potassa,  so  as  to  afford  carbonate  of  lime  and 
crystals  of  nitre. 

g.  It  sometimes  happens  that  water  contains  lead , which  may  be 
detected  by  evaporation  to  one-eighth  its  bulk,  adding  a few  drops  of  nitric 
acid,  and  then  sulphate  of  soda,  which  gives  a white  insoluble  precipitate ; 
and  sulphuretted  hydrogen,  which  forms  a black  cloud.  These  precipi- 
tates may  be  reduced  by  heating  them  before  the  blowpipe  upon  charcoal, 
mixed  with  a little  black  flux. 

h.  If  vegetable  or  animal  matter  be  contained  in  water,  it  gives  it  a 
brown  colour,  especially  when  evaporated.  It  may  be  destroyed  in  the 
dry  residue  by  igniting  it  with  a small  addition  of  nitrate  of  ammonia. 

i.  Iodine  and  Bromine  must  always  be  sought  for  in  mineral  waters; 
the  means  of  detecting  these  are  stated  at  pp.  341  and  344.  Where  they 
are  suspected,  the  water  should  be  evaporated  to  dryness,  and  the  residue 
triturated  with  a little  distilled  water,  which  will  take  up  the  iodic  and 
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bromic  salts;  they  are  recognised  by  the  addition  of  a solution  of  starch, 
having  previously  added  a few  drops  of  solution  of  chlorine.  Or  the 
methods  of  electrolytic  analysis  pointed  out  at  p.  280  may  be  adopted, 
using  a few  drops  of  the  evaporated  water  and  of  the  tests,  in  a watch- 
glass. 

The  following  analyses  of  mineral  waters  may  be  consulted  by  the 
student,  as  containing  a variety  of  useful  details,  necessarily  omitted  in 
the  above  observations: — Analysis  of  the  Hot  Springs  at  Bath , by  Richard 
Phillips,  Esq.  Analysis  of  the  Brighton  Chalybeate , by  Dr.  Marcet. 
Analysis  of  the  Tunbridge  Wells  Waters , by  Dr.  Scudamore.  Mr.  Chil- 
drens Translation  of  Tlienard’s  Essay  on  Chemical  Analysis , chapter  vi. 
Walcker  on  the  Bath  Waters.  ( Quart . Journ .,  N.  S.) 

The  annexed  Tables  show  the  composition  of  some  of  the  principal 
mineral  waters  of  Europe.  In  regard  to  those  of  Germany,  the  older 
analyses  of  Bergman,  Klaproth,  and  Hassenfratz,  may  be  compared  with 
the  later  results  of  Berzelius  and  Struve.  Traces  of  iodine  and  of 
bromine  have  also  been  detected  in  several  mineral  waters,  in  which 
they  had  previously  escaped  observation. 


Traces  of  organic  matter  (zoogen)  have  been  found  in  certain 
mineral  springs,  especially  in  those  of  high  temperatures,  possessing 
some  of  the  characters  of  albumen : it  was  first,  I believe,  observed  by 
Yauquelin,  in  the  waters  of  Vichy,  ( Ann . cle  Chim.  et  Phys .,  xxviii.  98,) 
and  afterwards  by  Monheim,  in  those  of  Aachen,  Spa,  Heilstein,  Mal- 
medy,  &c. ; the  waters  of  Aix,  in  Savoy,  and  of  Ischia,  acquire  a peculiar 
odour,  resembling  that  of  boiled  meat,  from  the  presence  of  this  organic 
matter,  and  the  latter  deposit  it,  according  to  Gimbernat,  upon  the 
adjacent  rock.  The  source  of  this  contamination  is  a curious  subject  of 
geological  speculation.  The  spring- water  of  London,  is  not  unfrequently 
contaminated  by  various  impurities  of  organic  origin,  sometimes  in  very 
sensible  quantity ; at  others,  only  recognised  on  evaporating  it,  when  the 
residue  exhales  a peculiar  odour,  and  evolves  ammonia  if  heated  or  acted 
on  by  caustic  alkali.  The  source  of  this  contamination,  especially  in 
the  pump-water  from  church-yards,  is  sufficiently  obvious ; and  such  is 
the  situation  generally  chosen  for  the  parish  pump.  This  disgusting 
source  of  water  should  be  avoided,  and  the  disgraceful  system  of  burying 
bodies  in  the  streets  of  London  should  be  authoritatively  discontinued*. 


* Abundant  instances  of  this  nuisance 
must  occur  to  every  one  who  walks 
about  London : the  church-yard  of  St. 


Clement’s,  in  the  Strand,  is  a fair 
specimen : there  are  many  infinitely 
worse. 


TABLE  OF  ANALYSES  OF  THE  PRINCIPAL  MINERAL  WATERS  OF  GERMANY. 
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Abbe  Nollet  on  electricity, 
246 

on  the  colour  of  litmus, 

930,  note 

Abbreviations,  chemical,  321, 
322 

Aberration  of  light,  174 
Absolute  alcohol,  its  prepara- 
tion, 1070 

Absorption  of  gases  by  char- 
coal, 461 

of  heat  by  air,  151 

■  — evaporation,  165 

— liquefaction,  157 

■  of  light,  182 

Acacia  vera , 894 
Academicians,  Florentine, 

their  experiments  on 
on  thermometers,  41 

— on  the  combustion 

of  the  diamond,  87 

the  conducting  power 

of  metals,  44 

— — — expansion  of  water 
by  cold,  43 

radiation  of  cold,  44 

— radiation,  reflection, 

and  refraction  of  heat, 
44 

Academy  of  Sciences,  Royal, 
28 

Accuracy  of  the  thermometer 
proved,  140 
Aceric  acid,  874,  note 
Acer  saccharinum , 905 
Acetal,  1103 
Acetate  of  alumina,  1123 

ammonia,  1116 

antimony,  1122 

baryta,  1117 

bismuth,  1122 

cadmium,  1119 

cerium,  1123 

cinchonia,  1025 

cobalt,  1119 

copper,  1119 

glycyrrhizin,  907 

iron,  1118 

lead,  1121 

lime,  1117 

lithia,  590,  1117 

magnesia,  1118 

manganese,  1118 

mercury,  1123 

nickel,  1119 

potassa,  1116 

quinia,  1029 

silver,  1123 

soda,  1117 

strontia,  1118 


Acetate  of  suboxide  of  copper, 

1119 

tin,  1119 

uranium,  1123 

zinc,  1118 

Acetates,  1116 
Acetic  acid,  1109,  1114 

action  of  reagents  on, 

1115 

anhydrous,  1115 

composition  of,  1109, 

1115 

congelation  ofrll  15 

diluted,  1111 

glacial,  1115 

hydrated,  1115 

liquid,  1115 

production  of,  by  slow 

combustion  of  alcohol, 

1116 

solid,  1115 

specific  gravity  of,  1115 

Acetic  ether,  1102 
Acetometer,  1112 
Acetone,  1116,  1124 
Acetous  fermentation,  1109 
Acid,  aceric,  874,  note 

— acetic,  1109,  1114 

— aerial,  75,  467 

— allantoic,  1165,  note 

— ambreic,  1190 

— amniotic,  1165,  note 

— antimonic,  721 

— antimonious,  721 

— argento-cyanic,  811 

— arsenic,  746 

— arsenious,  744 

— aspartic,  1042 

— azulmic,  923 

— benzoic,  974,  1173?  note 

— bole  tic,  1013 

— boracic,  510,  532 

— — anhydrous,  511 

— — hydrated,  511 

— — native,  511 

— borohydrofluoric,  513 

— bromic,  346 

— butyric,  1151,  note , 1152 

— cahincic,  1031,  note 

— camphoric,  969 

— capric,  1152,  1154 

— caproic,  1152,  1154 

— carbazotic,  947 

— carbonic,  467,  532 

gaseous,  470 

gaseous,  solution  of 

357,  472 

liquid,  470 

— carbonic,  solid,  471 

— carbonous,  464 


Acid,  carbo-sulphuric,  509 

— carthamic,  937 

— chloric,  338,  525 

— chloriodic,  343 

— chlorionic,  344 

— chlorocarbonic,  466 

— chlorochromic,  773,  note 

— chlorocyanic,  502 

— chlorous,  337 

— chromic,  768 

— cinch  onic,  1030 

— citric,  1006 

— cobaltic,  686 

— colophonic,  978 

— columbic,  782 

— croconic,  464,  note  ; 537, 

note 

— crotonic,  955 

— cyanic,  500,  532 

— cyanuric,  1169,  1170, 

note 

— delphinic,  1188 

— deutethionic,  1097 

— elaidic,  965 ; and  note , 

ibid. 

— elaiodic,  965,  note 

— ellagic,  932 

— equisetic,  1014 

— erytliric,  1172 

— esculic,  965,  966,  note , 

1052 

— ethero  phosphoric,  1097 

— ethero  sulphuric,  1097 

— ethionic,  1097 

— ferrochyazic,  6 54 
— • ferrocyanic,  654 

— ferrosesquicyanic,  656 

— fluoboric,  512 

— fluosilicic,  370 

— fulminic,  502,  532,  798 

— fungic,  1014 

— formic,  994,  1011 

— gallic,  925,  931 

— hippuric,  975,  1179, 

note 

— hircic,  1158,  1186 

— hydriodic,  367 

— — liquid,  368 

— liydriodous,  369 

— liydrobromic,  369 
liquid,  369 

— hydrochloric,  360 

— hydrocyanic,  504,  532 

— hydrocyanoferric,  654 

— hydroferrocyanic,  654 

— hydrofluoric,  370 

— hydrophospliorous,  451 

— hydroselenic,  456 

— hydroselenio  - cyanic, 
508 
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Acid,  hydrosulphocyanic,  507 
- — hydrosulphuric,  433 

— hydrosulphurous,  435 
■ — hydrothionic,  433 

— hydroxalic,  1004 

— hydroxanthic,  509 

— hypo-chloric,  337 
• — hypochlorous,  334 
— - hyponitrous,  379 

- — hypophospliorous,  441 
■ — hyposulphuric,  431 

— hyposulphurous,  430 
■ — iatrophic,  955 

— igasuric,  1032 
■ — indigotic,  949 
• — iodic,  342 

- — iodic,  hydrated,  343 

— iodo-sulphuric,  423 

— iodous,  342 

— kinic,  1030 

— laccic,  940 

— lactic,  83,  1109,  1128 
- — lampic,  1085 

— lichenic,  1014 

— malic,  1009 

— malseic,  1011 

— manganesic,  634 

— manganic,  633 
— - margaric,  962 

— margaritic,  965,  note 
— - margarous,  963 

— meconic,  1021 
■ — melanic,  1174 

— mellitic,  984 

— menispermic,  1038 

— metagallic,  928, 932,  933 
- — metameconic,  1021, 1022 

— metaphosphoric,  445 

— molybdic,  759,  761 

— molybdous,  760 
- — moroxylic,  1014 

— mucic,  897 

- — muriatic,  360 

— * — gaseous,  60 

liquid,  363 

• — nanceic,  1128 

— nitric,  18,  297,  381 

— nitro  leucic,  1184 

* — nitro  muriatic,  388 

— nitro-sulphuric,  808 

— nitrous,  19,  70,  380 

— oenotliionic,  1089 

— oleic,  964 

— osmic,  839 

— oxalic,  997 

— oxalvinic,  1101 

— oxyprussic,  502 

— palmic,  965,  note 

— paramaleeic,  1011 

— paratartaric,  1065,  note 

— pectic,  896 

— perchloric  or  oxychloric, 

339 

— periodic,  343 

— - periodic,  hydrated,  343 
«—  permanganic,  635 


Acid,  pernitrous,  379 

— phocenic,  1187 

* — phosphatic,  443 
• — phosphoric,  441,  443 

— — anhydrous,  443 

— — glacial,  444,  602 

hydrated,  444 

— phosphorous,  441 

— — hydrated,  451 

— phosphovinic,  1097 

— pinic,  978 

— protethionic,  1097 

— prussic,  84,  504 

— purpuric,  1171 

— pyrocitric,  898,  1009 

— pyrogallic,  932 

— pyroligneous,  26,  1113 

— pyromalic,  1011 

— pyromeconic,  898,  1023 

— pyromucic,  898 

— pyrophosphoric,  445 

— pyrotartaric,  990 

— pyrouric,  1170 

— racemic,  1062,  1065, 

note 

— ricinic,  955,  965,  note 

— rocellic,  965,  note 

— rosacic,  1172 

— sebacic,  1186,  note 

— sebic,  1186,  note 

— selenic,  453,  455 

— selenious,  454 

— - silicated  fluoric,  857 

— silicic,  854,  855,  859 

— silvic,  978 

— sorbic,  1009 

— stannic,  675 

— stearic,  960 

— stry  clinic,  1032,  1035 
• — suberic,  1013 

— succinic,  979 

— sulphoadipic,  953 

— ■ sulphocyanic,  507,  532 

— sulphomethylic,  1127 

— sulplionaphthalic,  493 

— sulphosinapic,  956 

— sulphovinic,  1089,  1095 

— sulphuretted  chyazic, 

507 

— sulphuric,  421 
anhydrous,  424 

— — fuming,  424 

— — glacial,  424 

— — liquid,  424 
plilogisticated,  419 

— sulphurous,  419 

— tannic,  925,  927 

— tannous?  928,  note 

— tartaric,  989 

— telluric,  742 
hydrated,  743 

— tellurous,  742 

— titanic,  737 

— tritethionic,  1097 

— tungstic,  779 

— ulmic,  923 


Acid,  uranic,  733 

— uric,  1170 

— urobenzoic,  1179 

- — valerianic,  965,  note 

— vanadic,  776,  777 

— verdic,  1014 

— verdous,  1014 
- — zumic,  1128 

— of  ants,  1011 

— apples,  1009 

— cork,  1013 

— fat,  1186 

— grapes,  989 

— lemons,  1006 

— milk,  1151 

— sugar,  997 

— white  mulberries,  1014 

— wood,  1113 

— vapours,  wax  lute  for 

retention,  958 
Acidifying  and  acidifiable 
substances,  318 
Acidulce , 56 
Acids,  adipose,  960 

— action  of,  on  albumen, 

1139 

alcohol,  1077,  1080 

ether,  1086 

fibrin,  1143 

• fixed  oils,  953 

■ lignin,  919 

—  metallic  alloys,  533 

— - — metals,  523,  et  seq. 

— — resins,  977 

— - — starch,  911 

■—  — sugar,  902 
tannin,  928 

— discovered  by  Basil  Va- 

lentine, 18 

— metallic,  523 

— peculiar,  from  soap,  959, 

965,  note 

— saponic,  960 

— vegetable,  989  to  1014 
Aconita,  1039 
Aconitum  napellus , 1056 
Action,  chemical,  results  of, 

211 

• voltaic,  tested,  290 

Adamantine  spar,  850 
Addams  on  the  sap  of  the 
rose-tree,  874,  note 
Adipocere,  animal,  1134 

mineral,  982 

Adipose  acids,  960 

membrane,  1185 

Adjective  colours,  934,  note 
Adulteration  of  Epsom  salts 
detected,  624 

^Epinus  on  electricity,  225 
Aerated  blood,  1196 
Aerial  acid,  75,  46? 

tests  of,  75 

its  elective  attrac- 
tions, 7 5 

Aerial  noctiluca,  437 
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Aeriform  bodies  expand  by 
heat,  124,  132 

fluids,  Lavoisier  on,8G 

Aerolites,  remarks  on,  082 
theory  of  their  forma- 
tion, 412 

Als  cuius  hippocastanum , 1052 
^Etherioscope,  203 
Aetites,  042 
Affinity,  211 

— aggregative,  105 

— heterogeneous,  211 

— homogeneous,  105 

— chemical,  105,  211 
— Bergman  on,  39 
— Berthollet  on,  39 
— Dalton  on,  41 

— Davy  on,  102 
— Gay  Lussacon,  41,  102 
— Geoffroy  on,  38 
— Higgins  on,  30 
— Mayow  on,  30 
— Newton  on,  38 
— Richter  on,  40 
— Wollaston  on,  102 

— affected  perhaps  by 
electrical  powers,  211 

— affects  colour,  213 

— aided  by  solution,  211 

— anomalous  cases  of,  215 

— axiom  in,  212 

— changes  form  and  state, 
214 

— complex,  214 

— compounds  produced 

by,  212 

— diminished  by  heat,  211 

— double,  diagrams  of,  2 1 5 

— elective,  2l4 

— gases  produced  by,  214 

— how  governed,  215 

— intense,  evolves  heat 

and  light,  212 

— liquids  produced  by,  214 

— matter  undestroyed  by, 

212 

— neutralizes  active  bo- 
dies, and  vice  versa , 214 

— opposed  by  aggregation, 

211 

— overcome  by  heat,,  123 

— results  of,  211 

— simple,  214 

— solids  produced  by,  214 

— — tables  of,  214. 

— theory  of,  214 

— of  antimony  for  chlo- 
rine, 212 

— bases  for  sulphuric  acid, 

214 

— copper  for  sulphur,  211 

— metals  for  oxygen,  535 

— oxygen  for  nitrous  gas, 

2 i 3 

— tartaric  acid  for  carbo- 
nate of  soda,  211 


See  Atomic  Theory  and  At- 
traction. 

Agaricus,  1055 
Agates,  855,  note 
Agedoite,  1042 
Aggregation,  attraction  of,  1 05 

results  of,  105 

its  effect  on  chemical 

attraction,  211 
Agricola  on  mineral  analy- 
sis, 78 

Aikin  on  leather,  1183 
— Rupert’s  drops,  860 

— soap,  959 

— acetate  of  zinc,  1119 
Air,  400 

— Boerhaave  on,  52 

— Cavendish  on, 

— Priestley  on,  63 

— absorbs  heat,  151 

— absorption  of,  by  metals, 

89 

— amelioration  of,  by  vege- 

tation, 65 

— ancient  notions  regarding, 

67,  note 

— a ponderous  body,  400 

— balloon,  79 

— capacity  of  for  heat,  151 

— chemical  components  of, 

411 

— condensed,  ignition  in,  417 

— confined,  a bad  conductor 

of  heat,  147 

— contained  in  water,  357 

— density  of,  affects  elec- 

tricity, 243 

— dephlogisticated,  327 

— deterioration  of  by  com- 

bustion, 65 

— empyreal,  81 

- — expansion  of  by  heat,  141 

— — for  various  tempera- 

tures, 132 

— fixed,  55,  46*7 

- — formation  of  nitric  acid 
from,  by  electricity,  297 

— gun,  its  discharge  pro- 

duces cold,  151 

— heated,  ascends,  134 

— — discharges  the  voltaic 

battery,  296 

— ignition  of,  205 

— imbibed  by  plants,  875 

— inflammable,  heavy,  481 

— — of  marshes,  481 

— jars,  324 

— mechanical  properties  of, 

400 

— phlogisticated,  371 

— pistol,  electrical,  348 

— proper  heat  of,  for  warm- 

ing, 135 

i — pump  described,  401 
I — — experiments  with  the, 
402 


Air  pump  gages,  403 

— — theory  of  its  action,  402 

— rarefied,  combustion  in, 

412,  451 

conducts  electricity, 

243 

— spoiled  by  combustion  pu- 

rified, 65 

— sudden  absorption  of  heat 

by,  151 

— supposed  to  be  the  uni- 

versal dissolvent  of  in- 
flammable bodies,  32 
thermometer,  41,  141 

— and  fire  damp,  explosion 

of,  483 

— and  fire,  Scheele  on,  81 
See  Atmospheric  air. 
Alabaster,  derivation  of  the 

term,  599 

Albert  of  Cologne,  7 
Albertus  Magnus,  7 
Albite,  861 

Albumen,  animal,  1138,  1192 

action  of  acids  on,  1140 

— various  agents  on, 

1139 

an  antidote  for  corro- 
sive sublimate,  1142 

dried,  1138 

tests  for,  1141 

of  bone,  1192 

its  analysis,  1138 

— coagulation,  1138 

— — by  acids,  1140 

alcohol,  1140 

— — electricity,  1138 

-r — — — ether,  1140 

— — heat,  1138 

kreosote,  987 

— putrefaction,  1139 

— solubility  in  ammo- 
nia, 1140 

—  sulphate,  1140 

vegetable,  915, 916, 917 

— varieties  of-,  9 1 7 

Albumino  caseum,  917 
Alburnum,  871 
Alcannin,  938 
Alchemy,  see  Alchymy. 
Alchemist,  see  Alchymist. 
Alchymical  apparatus,  5,  17 

notions  of  combustion, 

31 

poetry,  9,  16 

Alchymists,  elements  of  the, 
" 23 

Lord  Bacon’s  character 

of  the,  3 

their  deceits,  10 

their  notion  of  combus- 
tion, 31 

Albert  of  Cologne,  7 

Albertus  Magnus,  7 

Arnold  of  Villa  Nova,  7 

Arphiutes,  6 
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Alchymists,  Ashmole,  15 

Bacon,  Roger,  6 

• Basil  Valentine,  17 

— — Digby,  Sir  Kenelm,  1 1 

Elias  the  Artist,  1 1 

Geber,  5 

Helvetius,  Dr.,  10 

- — H ermes,  Trismegis- 
tus,  4 

John  cle  Rupecissa,  6 

Isaac  and  John  of  Hol- 
land, 8 

Nicholas  Flammel,  8 

Norton,  Thomas,  15 

Paracelsus,  21 

Price,  Dr.,  16 

Raymond  Lully,  7 

Ripley,  George,  8 

•  Salmon,  Dr.,  8 

Van  Helmont,  9,  23 

Woulfe,  Peter,  16 

Alchymy,  derivation  of,  2, 

note 

history  of,  4 

Alcohol,  1070 

a bihydrate  of  etherine, 

1088 

- — — absolute,  1070 

boiling-point  of,  1072 

1084 

— composition  of,  1079 

contraction  by  cold, 

1072 

•  expansibility  of  by 

heat,  1072 

— latent  heat  of  its 

vapour,  1072, 

preparation  of,  1070 

specific  gr.  of,  1 07 1 

— absolute,  sp.  gr.  of 

its  vapour,  1072 

action  of  chlorine  on, 

1 105 

muriatic  acid  on, 

1105 

common  sp.  gr.  of,  1071 

has  never  been  frozen, 

1072 

pure,  1071 

resists  congelation,  140 

— — slow  combustion,  1116 

solubility  of  fixed  oils 

in,  954/955,  95 6 

resins  in,  977 

sulphuretted,  1078 

thermometers  filled 

with,  42,  140 

its  affinity  for  water, 

1072 

boiling-point,  1072 

change  into  acetic 

acid,  1109 

combination  with  sa- 
line bodies,  1077 
— - — combination  with 
sulphur,  1078 


Alcohol,  its  combustion,  1077 

composition,  table 

of,  1091 

j concentration,  1071 

condensation  of  bulk 

by  mixture  with  water, 
1073 

decomposition  in  va- 
rious ways,  1079 

discovery,  1070 

— electro-chemical  de- 
composition, 1079,  note 
evaporation,  pro- 
duces cold,  1072 

existence  in  wines, 

1067 

expansion,  128 

flame,  1077 

flame  coloured  green 

by  boracic  acid,  511 

purple  by  salts  of 

strontia,  615 

red  by  salts  of 

lithia,  589 

red  by  salts  of 

lime,  605 

yellow  by  salts  of 

baryta,  614 

yellow  by  com- 
mon salt,  206 

habitudes  with  acids, 

1077,  1080 

with  alkalis,  1078 

— with  chloride  of 

platinum,  1078 

with  metals,  1078 

■ — with  sulphuric 

acid,  1080 

increase  of  strength 

by  evaporation  of  water, 

1071 

inflammability,  1077 

—  mixture  with  water, 

1073 

various  specific 

gravities  of,  1073  to 

1076 

passage  arrested  by 

membranes,  1071 
poisonous  nature, 

1071 

proportion  in  differ- 
ent wines,  1068 

—  rectification  by  lime, 

1071 

slow  combustion, 

207,  1077 

— — — solubility  in  ether, 

1087 

solution  of  phospho- 
rus, 1078 

ultimate  elements, 

892 

uses  in  the  arts,  1078 

• uses  in  the  labora- 

tory, 1078 


: Alcohol,  its  uses  in  thermo- 
meters, 1072 

of  sulphur,  508 

wood,  1125 

Alcoholates,  1077 
Alcoholic  solution  of  chloride 
of  strontia,  615 

iodine  for  medical  use, 

340,  note 

soap,  959 

Algarotti’s  powder,  722 
Alizarine,  936 

its  preparation  and  pro- 
perties, 936 
Alkahest,  1 

Alkali,  commercial  value  of, 
ascertained,  564 
— vegetable,  539,  561 
• — volatile,  or  ammonia,  39 1 
• — — obtained  by  Glau- 

ber, 25 

Alkalis,  action  of,  on  alcohol, 

1078 

— on  ether,  1086 

on  resin,  977 

attracted  by  cathodes, 

276 

bases  of,  discovered,  94 

causticity  of,  54 

decomjDose  chloride  of 

silver,  803 

decomposition  of,  93, 

278 

fixed,  523 

— their  action  on  fixed 

oils,  953 

— and  volatile,  how 

distinguished,  392 

potassa  and  soda,  how 

distinguished  from  each 
other,  572 

tests  for,  71 

use  of,  as  tests,  71 

Alkalifiable  substances,  318  * 
Alkalimeters,  563 
Alkalimetry,  563 
precautions  in  perform- 
ing, 565,  note 

■ — — • sources  of  errors  in, 
564 

— — — test-papers  used  in,  566 
Alkaline  air,  how  produced,  66 

ashes  of  plants,  563 

bases,  Davy  on,  94 

— their  action  on  tan- 
nin, 928 

earths,  523 

gas,  described  by  Priest- 
ley, 66 

pectates,  896 

Alkaloids,  1015  to  1041 
■ — — remarks  on  their  no- 
menclature, 1023,  note 
Alkanet  root,  938 
Allanite,  799 
Allantoic  acid,  1165,  note 
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Allspice,  10G0 

Allen  and  Pepys’s  apparatus 
for  the  combustion  of 
the  diamond,  469 
experiments  on  aque- 
ous vapour  absorbed  by 
charcoal,  4G1 

charcoal  obtained 

from  different  woods, 
4G0 

combustion  of  the 

diamond,  467,  469 

respiration,  1197 

Allium  sativum , 1049 
Alloys,  action  of  acids  on,  533 

— fusibility  of,  533 

— general  characters  of, 
533 

— - metallic,  532 

— table  of,  533 

— oxidation  of,  533 

— specific  gravity  of,  533 

— - of  aluminum,  853 

— antimony,  726 

— arsenic,  757 

— bismuth,  732 

— cadmium,  682 

— chromium,  775 

• — cobalt,  688 

— copper,  70 8 

— — analyzed,  708 

— gold,  818 

— — specific  gravity  of, 
820 

— — and  copper,  pecu- 
liarities of,  533 

— iron,  658 

— — and  nickel,  native, 
639 

lead,  719 

— — and  rhodium,  836 
mercury  (amalgams), 

798 

— nickel,  692 

— osmium,  839 

— palladium,  835 

— platinum,  832 

— potassium  and  anti- 
mony, 72  6 

— rhodium,  837 

— silicium,  859 

— silver,  811 

— sodium  and  antimony, 
726 

— — potassium,  587 

— steel,  667,  694,  832, 
837 

— tin,  679 

- — • zinc,  673 
Almond  cake,  1058 
oil,  955 

Almonds,  bitter,  971,  1058 

sweet,  971,  1058 

Aloe,  bitter,  924 
Aloes,  action  of  acids  on,  925 
chlorine  on,  923 


Aloes,  varieties  of,  924 
Althein,  1024 
Alum,  851 

— ammonia,  849,  852 

— burned,  852 

— dissected,  121 

— potash,  851 

— pyrophorus  made  from, 

852 

— soda,  852 

— its  crystals,  851 

— — manufacture,  851 

properties,  852 

sources,  851 

Alumina,  849 

native,  849 

pure,  849 

its  acetate,  1123 

— affinity  for  vegetable 

colouring-matter,  849, 
934,  937 

anhydrous  sulphate, 


851 


— benzoate,  977 

— borate,  853 

— chlorate,  850 

— disilicate,  861 

— hydrate,  850 

— hydrated  subphos- 
phate, 853 

— metallic  base,  848 

— muriate,  850 

— native  combinations, 
850 

— nitrate,  850  » 

— oxalate,  1004 

— phosphate,  853 
with  lithia,  853 

— preparation,  848 

— properties,  849 

— salts,  general  cha- 
racters of,  853 

— shrinkage  by  heat, 
849 

— silicate,  861 

— solubility  in  acids, 
849 


in  alkalies,  849 

— specific  gravity,  848 

— subnitrate,  851 

subphosphate,  853 

— sulphate,  851 

— — with  ammonia, 

852 

iron,  853 

potassa,  851 

soda,  852 

tartrate,  997 

— uses  in  the  arts,  849 

varieties,  850 

Aluminates,  850 
Alumina-fiuorides  of  potas- 
sium, 850 

fluoride  of  sodium,  850 

Aluminous  gems,  850 
slate,  851 


Alumium,  848 

Aluminum,  its  alloys  with 
iron  and  steel,  853 

its  bromide,  850 

— chloride,  850 

— fluoride,  850 

iodide,  850 

oxide,  849 

phosphuret,  853 

preparation,  848 

properties,  848 

— seleniuret,  853 

sesquioxide,  849 

— sulphuret,  851 

Alvine  calculi,  1190 
Alyzarine,  1051 
Amalgam,  first  mentioned,  7, 
note 

electrical,  233 

triple’of  bismuth,  lead, 

and  mercury,  799 

of  ammonia,  799 

arsenic,  799 

barium,  605 

copper,  799 

gold,  820 

magnesium,  619 

platinum,  832 

potassium,  798 

silver,  812 

sodium,  798 

tin,  799 

— uses  of,  799 

zinc,  798 

Amalgamated  zinc,  for  voltaic 
combinations,  290,  note 
Amber,  979 

— electricity  of,  222 

— oil  of,  979 

— succinic  acid  from,  979 
Ambergris,  1190 
Ambligonite,  853 
Ambreic  acid,  1190 
Ambreine,  1190 
Amethyst,  855 

Amide,  974 
Amidine,  909 
Amomum  curcuma , 1049 

repens , 1058 

zinziber , 1049 

Ammogen,  1000 
Ammolin,  1132 
Ammonia,  or  volatile  alkali, 
391 

its  absorption  by  char- 
coal, 461 

— — ■ chloride  of  cal- 
cium, 392 

— acetate,  116 

— action  on  bromine, 

398 

— — the  chlorides  of 

phosphorus,  448 
— • chloride  of  sil- 
ver, 803 

metals,  527 

4 1 
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Ammonia,  its  action  on  po- 
tassium, 554 

amalgam,  799 

— analysis,  394 

— antimoniate,  722 

aqueous  solution, 393 

— argentate,  802 

— arseniate,  747 

— 'arsenite,  740 

— aspartate,  1042 

aurate,  817 

benzoate,  970 

■  — biborate,  511 

bicarbonate,  470 

— bichromate,  769 

■  — bihydrofluate,  398 

•  — bimalate,  1010 

— — — bimolybdate,  761 

binarseniate,  747 
— — — binoxalate,  999 

binurate,  1171 

— biphosphate,  440 

— bistearate,  961 

— bitartrate,  991 

— . borate,  511 

•  — bromate,  398 

— butyrate,  1153 

— carbazotate,  948 

— — — carbonate,  475 
— - — • hydrated,  470 

■  — caryophyllate,  971 

■  — caseate,  1156 

— — — chlorate,  396 

— chlorocarbonate,466 

• — chromate,  709 

■  — citrate,  1007 

— cobaltate,  685 

— columbate,  783 

- — — — combinations  with 
acids,  395 

— composition,  dia- 
gram of,  394 

— condensation  by 

pressure,  392 

— cuprate,  701 

— decomposition  by 

chloride  of  lime,  396 

— decomposition  by 

heat,  395 

■  • — density  when  in  solu- 

tion, 393 

— — — desiccation  by  po- 

tassa  or  lime,  392 

detonation  with 

oxygen,  394 

— ellegate,  932 

— ferrocyanate,  654 

fluoborate,  513 

— formiate,  1012 

— hircate,  1187 

— hydrargyrate,  7 86 

— —  *  * — hydriodate,  398 

— hydrochlorate,  396 

— hydrocyanate,  507 

— — ■ — liydrofluate,  398 
— — — — hydrosulphate,  435 


Ammonia,  its  hydrosulphu- 
ret,  435 

— - — — — action  of  on  me- 
tallic solutions,  530 
- — — — hyponitrate,  398 

liypophospliite,  442 

- — — — indigotate,  950 

iodate,  398 

— — — lichenate,  1014 
— — — margarate,  963 
— — - — meditate,  984 
— — — metallization,  374, 
7 99 

—  molybdate,  760,  761 

mucate,  897 

name,  origin  of,  397 

• — muriate,  396 

—  — - — native,  397 

—  found  in  sea- 

water, 397 
- — — — nitrate,  399 

■  — — anhydrous,  399 

— — - — — decomposition 

of,  399 

■  — — evolves  nitrous 

oxide,  374,  399 

— — oleate,  964 

— oxalate,  999 

with  copper,  1 002 

— — phosphate,  446 

—  renders  fabrics 

incombustible,  446 
- — --  — phosphuret,  452 
- — — — pinate,  978 
- — — — platinobicliloride, 
828 

— production  by  the 

action  of  nitric  acid  up- 
on metals,  386 
from  animal  mat- 
ter, 1131 

— — coal,  83 

properties,  392 

purp  urate,  1172 

— — — salts  decomposed  at 
a moderate  heat,  396 
— — — sebate,  1186,  note 
- — — — sesquicarbonate,476 
— - — • - — silicofluate,  857 

silvate,  978 

— solution  in  water, 

392 

- — table  of,  393 

— stearate,  961 

— — strychnate,  1035 

— — subfluoborate,  liquid, 
513 

— succinate,  980 

sulphate,  430 

crystallized  on 

dirty  windows,  412 

native,  430 

with  alumina, 852 

copper,  704 

nickel,  691 

sulphite,  421 


Ammonia,  its  sulphovinate, 
1095 

• supersulphate,  430 

synthesis,  395 

tartrate,  991,  997 

with  potassa,  992 

■ — tungstate,  780 

— union  with  chloric 

acid,  396 

chlorine,  396 

- — — • cyanogen,  507 

• — • — iodine,  397 

— muriatic  acid, 

396 

— ■ — nitric  acid,  399 

urate,  1171 

vanadiate,  776 

Ammoniacal  gas,  391 

absorption  by  chloride 

of  silver,  803 

— of  calcium,  593 

— by  sugar,  903 

action  of  sodium  on,  57 6 

its  specific  gravity,  392 

Ammoniacal  liquor  of  gas- 
works a source  of  am- 
moniacal salts,  430 

salts,  392 

solution  of  orpiment, 

754 

Ammonia,  liquid,  a bad  con- 
ductor of  electricity, 
393 

decomposed  by  electri- 
city, 393 

its  specific  gravity,  393 

Ammoniac , sal , sources  and 
uses,  397 

secret,  26 

Ammoniacum , 977,  note 
Ammonice  liquor  of  the  phar- 
macopoeia, 393 
— — subcarbonas , 476 

subcarbonatis  liquor , 

476 

Ammoniated  oxide  of  cobalt, 
685 

Ammonio  - carbonate  of  co- 
balt, 687 

■ — of  magnesia,  628 

nickel,  690,  692 

silver,  809 

- — yttria,  846 

chloride  of  calcium,  593 

— magnesium,  622 

molybdenum,  763 

hyposulphate  of  silver, 

808 

Ammonio-magnesian  calculi, 

1177 

subphosphate,  625 

muriate  of  iridium,  840 

■ — iron,  643 

— manganese, . 636 

platinum,  828 

nitrate  of  copper,  701 
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Ammonio-nitrate  of  mag- 
nesia, 622 

nickel,  G90 

— • — — uranium,  734 

oxalate  of  potassa, 

1000 

persulphate  of  iron,  648 

mercury,  706 


soda,  583 

magnesia,  625 

sesquichloride  of  phos- 
phorus, 449 

sulphate  of  chromium, 

774 

cohalt,  687 

copper,  704 

magnesia,  624 

manganese,  638 

nickel,  691 

potassa,  559 

soda,  582 

zinc,  671 

zirconia.  844 

sulphite  of  magnesia, 

623 

Ammonium,  799 

the  hypothetical  base  of 

ammonia,  391 , note 
Ammoniuret  of  mercury,  786 

oxide  of  copper,  701 

peroxide  of  gold,  817 

phosphorus,  452 

silver,  802 

Amniotic  acid,  1165,  note 
Amorphous  alum  dissected, 
107,  114,  121 
Amphibol,  860 
Amygdaline,  917,  971 
A mygdalus  communis , 971, 
1058 

species  of,  contain  prus- 
sic acid,  505 
Amy  late  of  lead,  913 
Anagram  of  the  composition 
of  gunpowder,  7,  note 
Analcime,  861 

Analogy  between  electricity 
and  lightning,  hinted 
at  by  Grey,  Wall,  and 
Nollet,  246 
Analysis  of  air,  81,  86 
alloys  of  tin  and  cop- 
per, 709 

allspice,  1060 

antimonial  compounds, 

727,  note 

barley  and  malt,  911 

beryl,  841 

bile,  1161 

blood,  1148 

brass,  708 

cerebral  substance, 

1190 

chloride  of  lime,  594 


Analysis  of  eggs,  1189,  note 

emerald,  841 

euclase,  841 

fruits,  877 

gallic  acid,  931 

gaseous  mixtures  by 

spongy  platinum,  353 
gases  used  for  illumi- 
nation, 497 

gelatine,  1181 

glass,  867,  note 

gluten,  918 

gooseberries,  1061 

grape  and  honey-sugar, 

906 

gum,  896 

gunpowder,  554 

harmotome,  614,  note 

lignin,  921 

light,  181 

mineral  waters,  70,1205 

minerals,  73 

mucic  acid,  898 

oil,  1187 

pears,  1061 

proximate  principles  of 

vegetables,  891 

rhubarb,  1046 

rye,  922 

saliva,  1163 

sap  of  the  rose-tree,  874 

serum,  1137 

sugar,  904,  and  note  ib. 

starch,  913 

tannin,  928 

triple  sulphuret  of  lead, 

antimony,  and  copper, 
727,  note 

urea,  1169 

urine,  1167 

Avheat,  922 

woods,  921 

igneous,  73 

ultimate,  albumen,  1138 

of  alcohol,  1079 

bees’  wax,  958 

— ethal,  1188 

ether,  1087 

— fixed  oils,  953 

organic  bodies,  882 

starch,  913 

Analytical  chemistry,  history 
of,  70,  76 

improved  by  Bergman, 

70 

Anatase,  736,  737 
Ancient  elements,  23 

Metals,  symbols  of,  515 

Andalusite,  861 
Andes,  their  temperature,  151 
Anecdotes  regarding  Woulfe 
the  alchymist,  16 
Anelectrode,  269 
Anemone  camphor , 1054 

pulsatilla  and  nemo - 

rosa , 1054 


Anemonia,  1054 
Angelica  archangelica , 1049 

root,  1049 

Angles  of  crystals,  108 

measured,  115 

— truncated,  108 

and  edges  of  crystals 

truncated,  108 
Angustura  bark,  1 052 

• — spurious,  1032,  1052 

Anhydrite,  599 
Anhydrous,  derivation  of  the 
term,  109,  note 

acetate  of  baryta,  1118 

— soda,  1117 

acetic  acid,  1115 

arsenic  acid,  746 

asparagin,  1042 

aspartic  acid,  1042 

benzoate  of  silver,  977 

benzoic  acid,  975 

bisulphate  of  soda,  581 

boracic  acid,  511 

borax,  587 

bromide  of  sodium,  57  5 

brucia,  1034 

butyric  acid,  1153 

camphoric  acid,  969 

earbazotate  of  potassa, 

948 

capric  acid,  1154 

caproic  acid,  1154 

carbonate  of  copper, 706 

chloride  of  barium,  607 

— gGd,  816 

manganese,  635 

citric  acid,  1006 

crystals,  109 

ellagic  acid,  932 

formic  acid,  1012 

gallic  acid,  931 

gypsum,  109,  599 

hydroxalic  acid,  1006 

lactic  acid,  1129 

malaeic  acid,  1011 

margaric  acid,  963 

metameconic  acid,  1022 

morphia,  101 7 

muriate  of  morphia, 

1017 

— quinia,  1028 

nitrate  of  ammonia,  399 

silver,  805 

oleate  of  potassa,  964 

oleic  acid,  964 

oxalate  of  lime,  1001 

oxalic  acid,  998 

oxide  of  sodium,  572 

peroxide  of  iron,  641 

persulphate  of  mercury, 

796 

phocenic  acid,  1188 

phosphoric  acid,  443 

potassa,  538 

protonitrate  of  mercury, 

792 

4 1 2 
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Anhydrous  protosulphate  of 
iron,  G47 

protoxide  of  tin,  074 

quinia,  1026 

•  racemic  acid,  10 65, note. 

salts,  109,  and  note,  ibid 

starch,  912 

stearic  acid,  960 

succinic  acid,  980 

•  sugar,  899 

sulphate  of  alumina, 

851 

• — • cohalt,  686 

— copper,  704 

lime,  109,  599 

magnesia,  624 

• — manganese,  63 6 

— soda,  578 

zinc,  671 

sulphuric  acid,  424, 581 

■ — from  bisulphate  of 

soda,  581 

tannin,  928 

tartaric  acid,  892,  990 

tartrate  of  potassa,  99 1 

Animal  adipocere,  1134 
charcoal,  its  prepara- 
tion, 462 

— its  use  in  sugar-re- 
fining, 900 

chemistry,  1131 

electricity,  299 

extractive,  1143 

fat,  1185 

food,  nutritive  matter, 

1184 

preservation  of,  1133 

functions,  1192 

heat,  1198 

jelly,  1180 

matters,  action  of  nitric 

acid  on,  386 

— ammonia  from,  1131 

— change  of  into  adi- 
pocere, 1134 

destructive  distilla- 
tion of,  430,  1131 

dried,  1133 

effluvia  from,  1134, 

1135,  and  note 

■ — evolve  ammonia,  395 

• — gaseous  products 

from,  395,  1132 
— influence  of  air  on, 

1133 

— moisture  on,  1133 

— — — temperature  on,  1132 

— preservation  of,  by 

various  agents,  1133 

— putrefaction  of,  1132 

products,  1131 

•  oils,  use  of,  in  soap- 

making,  959 

reds,  939 

solids,  1131 

tar,  984,  1132 


Animal  perspiration,  1197 

respiration,  1197 

and  vegetable  oils,  an- 
alogies of,  958 

blood  of,  1147 

calculi  of,  1179 

Animals,  cold-blooded,  are 
delicate  electroscopes, 
258 

— — effect  of  light  on,  184 

excrements  of,  1194 

• killed  by  electricity, 

243 

killed  and  suffocated  by 

carbonic  acid  gas,  47 1 

muscle  of,  1183 

solids  of,  1131,  1180 

urine  of,  1179 

Animin,  1132 

Anions,  simple  and  com- 
pound, 279 

Annealing  of  glass,  866 
Annihilation  of  the  two  elec- 
tricities, 241 
Annotto,  941 
Anode,  269 

Anomalous  cases  of  affinity, 
215 

expansion  of  water,  43, 

note , 129 

Anselmino  on  human  sweat, 
1198,  note 

Anthemis  nobilis , 1057 
Anthemis  pyrethrum,  1049 
Anthracite,  463 
Antidote  for  poisoning  by 
baryta,  614 

by  oxalic  acid,  998 

Antimonial  powder,  725 

silver,  807 

Antimoniate  of  ammonia,  722 

potassa,  722 

silver,  811 

Antimonic  acid,  721 
Antimonite  of  potassa,  721 
Antimonious  acid,  721 
Antimony,  720 

argentine  flowers  of, 

721 

butter  of,  722 

colours  glass,  868 

diaphoretic,  722 

glass  of,  723 

its  purity  tested,  723 

golden  sulphur  of,  724 

liver  of,  724 

made  known  by  Basil 

Valentine,  720 

native,  720 

origin  of  its  name,  21, 

note 

pure,  how  obtained,  720 

pyrophoric,  996 

radiated,  720 

red,  725 

1 saffron  of,  724 


Antimony,  triumphant  cha- 
riot of,  18 

its  acetate,  1122 

— active  oxide,  721 

— alloy  with  sodium  ' 

and  potassium,  726 

alloys,  726 

arseniate,  751 

benzoate,  97 6 

bisulphuret,  724 

bromide,  723 

— certain  prepara- 
tions, 72  6 

— chlorate,  723 

chlorides,  722 

chromate,  772 

— citrate,  1009 

compounds,  analy- 
sis of,  727,  note 

compounds  before 

the  blowpipe,  728 

deutoxide,  721 

— hydrated,  721 

■ iodide,  723 

nitrate,  723 

ores,  720 

— oxalate,  1003 

oxide  hydrosulpliu- 

retted,  724 

oxide  sulphuretted, 

725 

oxides,  720 

percldoride,  722 

peroxide,  721 

persulphuret,  724 

phosphate,  725 

— phosphuret,  725 

— protochloride,  722 

protoxide,  721 

properties,  720 

salts,  general  cha- 
racters of,  728 

sesquichloride,  722 

sesquifluoride,  723 

— — sesquioxide,  721 

sesquisulpliuret,  723 

— specific  gravity,  720 

— subsulphate,  725 

— sulphate,  725 

— sulphite,  725 

sulphuret,  720,  723 

supersulphate,  725 

tannate,  929 

— tartrate,  995 

with  potassa, 996 

— silver,  997 

triple  sulphuret  with 

lead  and  copper  ana- 
lyzed, 727,  note 
Antinori  obtains  the  mag- 
netic spark,  315 
Antiphlogistic  system,  84 
Antiseptic  powers  of  carbonic 
acid  gas,  473 

— kreosote,  987 

Ants,  acid  of,  1011 
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Apartments,  warming  and 
ventilation  of,  134 
Apatite,  C01 
Apophyllite,  860,  note 
Aposepedin,  1156 
Apothecaries’  Hall,  labora- 
tories of,  heated  by 
steam,  166 

Apparatus,  chemical,  17,  323 

ancient,  17 

for  boiling  in  vacuo,  163 

collecting  gases  of  sp. 

gr.  different  from  air, 
334 

experiments  on  chlo- 
rine, 334 

— gases,  323,  326 

pyroligneous  acid, 

1113  ' 

for  the  combustion  of 

the  diamond,  468 

— decomposition  of 

ammonia,  395 

nitrous  oxide, 

377 

— water,  354 

destructive  distilla- 
tion of  vegetable  bodies, 
881 

filtration  of  liquor 

potassse,  540 

— magnetic  spark,  315 

— preparation  of  aque- 
ous solution  of  carbonic 
acid,  472 

hydrogen,  349 

• liydrosulphuret 

of  ammonia,  436 
— — — — muriatic  and  ni- 
tric acids,  364,  383 

nitrogen,  372 

peroxide  of  chlo- 
rine, 337,  note 

— — ; potassium,  535 

production  of  ether, 

1081 

water  from  its 

elements,  351,  352 

ultimate  analysis  of 

organic  bodies,  882,  887 

electro-magnetic,  311 

galvanic,  263 

Glauber’s,  26 

Hales's,  47 

hydro-pneumatic,  63, 

323 

mercurio-pneumatic, 

326 

Nootli’s,  4 7,2 

pneumatic,  323 

Priestley’s,  63 

Woulfe’s,  363 

Appert  on  preserving  food, 
1133 

Apple  jelly,  1061 
Apples,  1061 


Apples,  acid  of,  1009 

— pulp  of,  formation  of 

sugar  in,  910,  note 
Application,  practical,  of  the 
atomic  theory,  220 
Ashmole,  Elias,  15 
Aqua-fortis,  19 

its  preparation  at 

Apothecaries’  Hall,  383 

— phagedoenica,  790 
■ — regia,  5 

(nitro-muriatic  acid) 

388 

— sapphirina,  701 
Aquatic  plants  evolve  oxygen, 

65,  875 

Aqueous  solution  of  carbonic 
acid,  472 

chlorine,  333 

— euchlorine,  336 

iodine,  341 

sulphurous  acid,  420 

— : — vapour  absorbed  by 
charcoal,  461 

absorbed  by  gases, 

table  of,  404 

— constitution  of,  357 

Aqnila  mitigata , 786 
Aquinas,  Thomas,  7,  note 
Arago,  on  refractive  powers, 

177 

— on  the  temperature  of 
steam,  164 
Arbor  Dianas , 805 
Arbutus  uva  ursi,  1057 
Arc  of  flame,  voltaic,  269 
Arcanum  corallinum , 794 

duplicatum , 558 

Archil,  938 

its  uses  in  dyeing  and 

staining  marble,  938, 
939,  note 

Arctic  regions,  intense  cold 
of  the,  147 
Ardent  spirit,  1067 
Arfwedson  on  lithium,  588 

manganese,  632  et  seq. 

sulpliuret  of  manga- 
nese, 636 

sulphuret  of  nickel,  690 

sulphuret  of  zinc,  670 

uranium,  732 

Argand  burner,  its  action, 
207 

Argenta,  523 

Argentate  of  ammonia,  802 
Argentiferous  sulphuret  of 
lead,  801 

Argentine  flowers  of  anti- 
mony, 721 
Argenti  nitras , 805 
Argento-cyanate  of  potassa, 

811 

cyanic  acid,  811 

cyanuret  of  potassium, 

809 


Argento-cyanurets,  809 
Argentum  vivum , 784 
Argillaceous  iron-stone,  661 
Argol,  99 1 
Aricina,  1023 

action  of  nitric  acid  on, 

1030 

its  preparation  and  pro- 
perties, 1029 

sulphate,  1029 

Aristolochia  serpentaria,  1049 
Arnica  montana , 1057 
Arnold  of  Villa  Nova,  7 

— discovers  alcohol, 

1070 

Arragonite,  603 
Arrangement,  chemical,  its 
great  importance,  105 
of  elements  and  com- 
pounds, 317,  319 
Arrow-root,  1051 
Arseniate  of  ammonia,  747 

antimony,  731 

baryta,  749 

bismuth,  731 

cinch onia,  1025 

cobalt,  751 

copper,  750 

native,  750 

iron,  750 

— native,  750 

lead,  751 

lime,  749 

magnesia,  750 

manganese,  750 

mercury,  798 

nickel,  751 

potassa,  748 

quinia,  1029 

silver,  811 

soda,  748 

strontia,  749 

tin,  750 

uranium,  751 

zinc,  750 

Arseniates,  habitudes  of,  747 
and  arsenites,  charac- 
ters of,  751 
Arsenic,  744 

Arsenic,  acids  of,  744,  746 

butter  of,  752 

native,  744 

sulphate  of  copper  a 

test  of,  758 

sulphuretted  hydrogen 

a test  for,  758 

tests  for,  directions  for 

using,  758 

V oltaic  electricity  a test 

for,  759 

Arsenic,  white,  744 

, tests  for,  758 

, its  poisonous  na- 
ture, 745 

— , specific  gravity,  745 

Arsenic,  its  acids,  744,  746 
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Arsenic,  its  alloys,  757 

amalgam,  790 

bromide,  752 

chloride,  752 

— combinations,  cha- 
racters of,  751 

— compounds,  action  of 

the  blowpipe  on,  7 46 

fluoride,  752 

■ — garlic  smell,  744, 

758 

■ — habitudes  with  alka- 
lies, earths,  and  oils, 
757,  note 

hydruret,  753,  754 

 *  * — iodide,  752 

oxides,  744,  748 

— — — persulphuret,  755 

phosphuret,  757 

— poisonous  nature, 

744,  759 

preparation,  744 

properties,  744 

protosulphuret,  754 

red  sulphuret,  754 

— — — seleniuret,  757 

separation  from 

other  metals,  757 

sesquifluoride,  752 

sesquisulpliuret,  754 

— sources,  744 

— specific  gravity,  744 

— — — steel-coloured  subli- 
mate, 744,  758 

sulplmrets,  754 

sulphuret  with  iron, 

757 


— vapour,  peculiar 
odour  of,  744 

* — volatility,  744 

— yellow  sulphuret, 


754 


Arsenic  acid,  anhydrous,  746 

hydrated,  747 

its  solubility,  746 

specific  gravity,  746 

Arsenical  combinations,  tests 
for,  758 

pyrites,  757 

Arsenio  persulphurets,  756, 
and  note , ibid. 

protosulphuret  of  po- 
tassium, 75  6 

protosulphuret  of  so- 
dium, 756 

protosulpliurets,  756 

sesquisulpliurets,  756 

sulphurets,  755,  and 

note , ibid. 

Arsenious  acid,  744 

inodorous,  745 

tests  for,  746,  758 

treatment  in  case  of 

poisoning  by,  745 

its  composition,  746 

properties,  745 


Arsenious  acid,  its  solubility, 
745 


sources,  744 

sublimation,  745 

union  with  bases, 

746 

Arsenite  of  ammonia,  746 

copper,  (Scheele’s 

green,)  83 

lead,  746 

lime,  746 

potassa,  746 

silver,  759,  811 

Arsenites,  characters  of,  746 
Arsenuretted  hydrogen  gas, 


753 


— tests  of  its  presence, 
753 


its  decomposition,  753 

— poisonous  nature, 

753 

— preparation,  753 

• — specific  gravity,  754 

Artemisia  absinthium,  1054 

santonica , 1057 

Artephius,  6 

Arterial  blood,  1146,  1196 

Artifical  bitter,  925 

camphor,  966,  970 

cold,  how  produced,  154 

gems,  868 

magnets,  how  made, 

303,  and  note , ibid. 

medicated  waters,  70 

minerals,  their  produc- 
tion, 660,  note 

— - production  of  marble, 

605 

tannin,  927,  note 

Artillery,  when  first  used 
with  effect,  7 
Arum  maculatum,  1054 
Arundo  saccharifera , 898 
Asarin,  1049 
Asarum  europceum , 1049 
Asbestos,  629 

Ascent  in  a balloon,  first,  79 

of  heated  air,  134 

Asparagin,  1042 

anhydrous,  1042 

Asparagus,  1055 

active  principle  of, 

1042 

officinalis , 1055 

—  stone,  601 

Aspartate  of  ammonia,  1042 
Aspartic  acid,  1042 
Asphaltum,  982 
Aspidium  jilix  mas , 1049 
Astragalus  tragacantha,  894 
Astringent  matter,  925 
Assafoetida,  977 

Assay  of  gold,  812 

silver,  812 

Assaying,  process  of,  812,  and 
note  ibid.,  813,  820 


Asses’  milk,  1158 
Atacamite,  699 
Athanor  furnace,  Woulfe’s,  17 
Atmosphere,  Boyle  develops 
the  laws  of  its  compres- 
sion, 402 

Cavendish  obtains  ni- 
tric acid  from,  381 

Dalton  on  its  aqueous 

vapour,  406 

Faraday  on  its  aqueous 

vapour  at  given  tempe- 
ratures, 405 

Faraday’s  manipula- 
tions for  determining 
its  specific  gravity,  403 

Galileo  detects  its 

weight,  400 

Henry’s  directions  for 

taking  its  specific  gra- 
vity, 403 

Mariotte  investigates 

the  laws  of  its  compres- 
sion, 402 

Oersted  investigates  its 

habitudes  under  high 
pressure,  402 

— — Paschal  proves  its  pres- 
sure by  the  barometer, 
400 

Torricelli  measures  its 

weight,  401 

Ure  on  its  aqueous 

vapour,  406 

its  composition,  80, 407, 

411 

mean  density,  401 

— mechanical  proper- 
ties shown  by  the  air- 
pump,  401 

• — physical  properties, 

400 

positive  electrical 

state,  257 

• — pressure  per  square 

inch  of  surface,  400 

— salubrity  affected  by 

extraneous  matters,413 

salubrity  tested,  408 

— — seleniuretted  hydrogen 
occasionally  present  in, 
457 

Atmospheric  air,  400 

action  of  flowers  and 

fruits  on,  877 

at  all  heights  and 

depths  preserves  the 
same  relations  to  com- 
bustion, 417 

a mixture'of  oxygen  and 

nitrogen,  407,  411 

combustion  in,  414 

— — rarefied,  414 

contains  aqueous  va- 
pour, 410 

- — - — carbonic  acid,  410 
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Atmospheric  air,  gases  mixed 
with,  influence  its  power 
of  supporting  flame,  4 1 G 

Lavoisier’s  experiments 

on,  410,  note 

not  a chemical  com- 
pound, but  a gaseous 
mixture,  407,  411 
relative  bulk  of  its  com- 
ponent gases,  411 
its  accidental  ingre- 
dients, 412 

• — analysis,  407 

— by  detonation,  408 

— by  spongy  platinum, 

408 

— by  sulphuret  of  po- 
tassium, 407 

from  different 

sources,  410,  note 

aqueous  vapour  subject 

to  variation,  411 

composition,  407 

diagram  of,  411 

compression,  402 

contamination  with  acid 

and  alkaline  matters, 
412 

with  infectious  mat- 
ter, 413 

with  selenium,  413 

elasticity,  402 

enormous  bulk  probably 

.j-lie  cause  of  its  constant 
composition,  413 

extraneous  matters, 4 12 

finite  extent,  412 

liquefaction  doubtful, 

402 

local  contamination,412 

mean  density,  401 

mechanical  properties, 

400 

ponderous  nature,  400 

pressure,  400 

— table  of,  401 

production  of  epidemics 

referable  to  containing 
selenium,  41o 

renovation  by  leaves  of 

plants,  875 

specific  gravity,  403 

temperature  diminishes 

in  proportion  to  its 
height,  415,  note 
uniformity  of  composi- 
tion, 410,  note 

variation  in  sp.  gr.  in 

1832,  413 

— — weight  suspected  by 
Galileo,  400 

weight  further  proved 

by  Torricelli  and  Pas- 
chal, 400 

Atmospherical  electricity, 
24G,  253,  255 


Atmospherical  electricity, 
death  by,  249 
Atomic  theory,  21G 

Dalton  on,  41 

Davy  on,  102 

Gay  Lussac  on,  41,  102 

Higgins  on,  40 

Richter  on,  40 

Wollaston  on,  102 

examples  of,  216 

exemplified  by  the  com- 
position of  the  oxides 
of  mercury,  216;  oxides 
of  iron,  216;  water, 
muriatic  acid,  and  com- 
pounds of  oxygen  and 
nitrogen,  217;  sulphate 
of  baryta,  chloride  of 
sodium,  decomposition 
of  nitrate  of  baryta, 
and  use  of  the  sliding 
rule,  218;  magnesium, 
and  expulsion  of  oxygen 
from  lime,  219 
Atomic  theory,  hydrogen  or 
oxygen  as  unity,  220 
its  practical  applica- 
tions and  simplicity,  220 
Atomic  weights  how  deter- 
mined, 220 

— logometric  scale  of, 

218 

ratio  of,  216 

— relation  of  to  vo- 
lumes, 271 

table  of,  218 

Atropa  belladonna , 1057 
Atropia,  1036 

its  preparation  and  pro- 
perties, 1036 
Attraction,  105 

capillary,  106 

chemical,  211 

Bergman  on,  39 

Berthollet  on,  39 

Dalton  on,  102 

Davy  on,  102 

— Gay  Lussac  on,  41, 

102 

— Geoffroy  on,  38 

Higgins  on,  40 

Mayow  on,  36 

Newton  on,  38 

— Richter  on,  40 

— Wollaston  on,  102 

tables  of,  214 

cohesive,  105 

degrees  of,  105 

elective,  39 

electrical,  222 

electro-magnetic,  308 

gravitative,  105 

heterogeneous,  21 1 

homogeneous,  105 

magnetic,  303 

of  aggregation,  105 


Attraction  of  composition,  2 1 1 

crystallization,  107 

— elements  by  electricity, 

269,  272,  et  seq. 

gravitation,  105 

solids  for  liquids,  106 

liquids  and  gases, 

106 

restrained  by  inertia, 

150 

sensible  and  insensible, 

distances  of,  105 

simple,  215 

texture  influenced  by, 

105 

Augite,  860 
Aura,  electrical,  238 
Aurate  of  ammonia,  817 
Auripigmentum,  755 
Auro-chlorides,  818 
Aurora  Borealis,  an  electrical 
phenomenon,  254 

Dalton  on,  255 

Parry  on,  255 

Aurum  musivum,  678 
Autenrieth  forms  bread 
from  beech- wood,  920 
Automatite,  673 
Avanturine,  855,  note 
Axinite,  861 
Azote,  86,  371 

described  by  Mayow,  86 

gaseous  oxide  of,  374 

Azotic  gas,  86 
See  Nitrogen. 

Azulmic  acid,  923 
Azure,  688 

Babington,  Dr.,  his  im- 
provement of  the  vol- 
taic battery,  266 

on  the  blood,  1137 

Bacon,  Lord  Frances,  3 
— • his  belief  in  alchymy,  4 

— his  character  of  a com- 

petent inquirer  into  na- 
tural causes,  3 

— his  character  of  the  al- 

chymists,  3 

— his  installation  of  the 

sciences,  24 

— liis  works,  6 

— just  estimate  of,  24 

— Roger,  6 

— discovery  of  gunpowder 

attributed  to,  7 note 

— his  works,  6 

— Lord  and  Roger,  com- 

pared, 6 

Badams  on  dichromate  of 
lead,  772 

Bad  conductors  of  heat,  143 
Bakerian  lecture  celebrated 
by  Sir  H.  Davy,  93 
Balance,  electrical,  230 
specific  gravity,  263 
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Balance  wheels  of  clocks  and 
watches  affected  by 
heat,  128 

Balard  discovers  Bromine, 
344 

on  bromate  of  baryta, 

608 

bromide  of  gold,  818 

phosphorus,  448 

— ■ — hydrobromide  of  car- 
bon, 486 

peroxide  of  chlorine, 

337,  note 

Baldassari  on  native  sul- 
phuric acid,  430 
Baldwin’s  phosphorus,  597 
Balloon,  79 

■ its  history,  79 

first  ascent  in  a,  79 

Gay  Lussac’s  ascent  in 

a,  80 

hydrogen,  made  by  Ca- 

vallo,  79 

Balloons  filled  with  hydro- 
gen, 350 
Balm,  1056 
— tea,  1056 
Balsam  of  sulphur,  953 
Balsams,  974 

Bancroft, on  quercitron  bark, 
941 


Bandana  handkerchiefs,  dye- 
ing of,  935,  note 
Bar,  on  mezereon,  1052 
Barberry  root,  1049 
Barilla,  its  commercial  value 
ascertained,  564 
Barium,  605 

discovered  by  Davy,  605 

— — its  amalgam,  605 

borofluoride,  614 

bromide,  608 

chloride,  606 

anhydrous,  607 

crystallized,  607 

cyanuret,  613 

ferrocyanuret,  655 

ferrosesquicyanuret, 


656 

— fluoride,  608 

— iodide,  607 


— oxide,  606 

— peroxide,  358,  606 

— ■ — hydrated,  606 

— phosphuret,  612,441 

— platino-bichloride, 


829 


properties,  605 

protoxide,  358,  606 

silico-fluoride,  858 

sulphocyanuret,  614 

sulphuret,  609 

Bark,  extract  of,  1052 

— of  plants,  871 

— quercitron,  941 
Barks,  1052 


Barks,  average  quantity  of 
tannin  in,  926 

Barley,  malted  and  unmalted, 
analysis  of,  911,  note 
Barlow,  on  magnetism,  307 
Bar  magnets,  305 
Barometer,  depression  of,  dur- 
; ing  a balloon  ascent,  80 

described,  400 

fluctuations  of,  by  at- 
mospheric pressure,  401 
measurement  of  acces- 
sible heights  by,  400 

mountain,  400 

standard  height  of,  159 

Barometers,  water,  401,  note 
Baroselenite,  611 
Barry’s  apparatus  for  boiling 
in  vacuo,  163 
Bars,  compensation,  128 

— of  metal,  compound,  their 

expansion  by  heat,  127 
Bartholomew  Schwartz, 
discovery  of  gunpowder 
attributed  to,  7 
Baruel  on  blood,  1146 
Barya,  606 
Baryta,  606 

derivation  of  the  term, 

606 

its  acetate,  1117 

aqueous  solution,  or 

baryta-water,  606 

a test  for  carbonic 

acid,  606 

—  arseniate,  749 

benzoate,  976 

bicitrate,  1008 

binarseniate,  749 

binoxalate,  1002 

biphosphate,  612 

biselenite,  613 

bitartrate,  994 

borate,  614 

bromate,  346,  608 

butyrate,  1153 

cap  rate,  1154 

caproate,  1154 

carbazotate,  949 

• — carbonate,  606,  613 

native,  613 

poisonous  nature 

of,  613 

chlorate,  607 

— chromate,  771 

citrate,  1008 

columbate,  783 

— cyanate,  614 

• decomposition  by 

electricity,  605 

distinction  from  stron- 

tia,  619 

etheropliosphate, 

1098 

existence  in  a mine- 
ral, 614,  fiote 


Baryta,  its  formiate,  1013 

fulminate,  798 

t — hircate,  1187 

hydrate,  606 

crystallized,  606 

hypophosphite,  612 

hyposulphate,  431, 

610 

— hyposulphite,  609 

indigotate,  950 

7-  iodate,  608 

metallic  base,  605 

molybdate,  762 

nitrate,  606,  608 

crystallized,  608 

oleate,  964 

oxalate,  1001 

oxalvinate,  1101 

phocenate,  1188 

— phosphate,  612 

phosphite,  612 

— platinate,  829 

— poisonous  nature, 606 

purpurate,  1172 

quater-hydrated  hy- 
posulphate, 610 

salts,  their  general 

characters,  614 
• generally  poison- 

ous, 614 

selenite,  613 

seleniate,  613 

sesquiphosphate,  612 

silicate,  860 

sources,  606,  608 

stearate,  961 

stryclinate,  1035 

— subsesquiarseniate, 

749 

succinate,  980 

— sulphate,  424,  610 

native  phospho- 
rescent, 198 

decomposed  by 

electricity,  277 

sulphite,  609 

sulplionaplithaiate, 

494 

sulphovinate,  1096 

tannate,  929 

tartrate,  994 

tellurate,  742 

tungstate,  780 

urate,  1171 

weight,  606 

water,  606 

Barytic  harmotome,  861 
Baryto-sulphate  of  strontia, 
618 

Bases,  affinity  of,  for  sulphu- 
ric acid,  214 

— alkaline,  88 

— salifiable,  Lavoisier  on,  88 

— vegetable,  salifiable,  1015 
Basil  V alentine  discovers 

several  acids,  18 


Bastard  sugar,  901 
Bath  metallic,  for  tempering 
steel,  666 

Battery,  electrical,  243 

Voltaic,  268 

Babington’s,  266 

Children’s,  270 

Daniell’s,  293 

Pepys’scalorimotor,264 

Wollaston’s,  267 

of  the  London  Institu- 
tion, 269 

of  the  Royal  Institu- 
tion, 269 

constant,  294 

dissected,  293 

electro-polar  state  of, 

268 

light  of  its  discharge, 

206 

theory  of,  289 

See  Voltaic  electricity. 
Baume’s  hydrometer,  degrees 
of,  compared  with  actual 
specific  gravities,  1076 
Baup  on  sulphate  of  cincho- 
nia,  1025 
Bay  salt,  573 
Bean  shot  copper,  703 
Beccher,  33 

his  Physica  Subterra- 

nea,  33 

idea  of  material  ele- 
ments, 33 

list  of  his  works,  33 

Beech-nut  oil,  956 
Beer,  1063 
Bees’ -wax,  957 

bleaching  of,  957,  note 

Beet-root,  905,  922,  1049 
Beet  sugar,  905 
Beguin  on  calomel,  786 

sulphuretted  spirit,  435 

Belladonna , extract  of,  1057 
Bellani  on  the  fixity  of  sul- 
phuric acid,  422 
Bell -metal,  709 
Bells,  chime  of,  electrical,  237 
Ben,  oil  of,  956 
Bengal,  ice,  how  obtained  in, 
" 203 

Bennet’s  gold-leaf,  electro- 
meter, 229 

electrical  doubler,  246 

Benzamide,  973 
Benzine,  974 
Benzoate  of  alumina,  977 

ammonia,  976 

antimony,  976 

baryta,  976 

bismuth,  976 

cobalt,  976 

copper,  976 

iron,  976 

lead,  976 

lime,  976 
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Benzoate  of  magnesia,  976 

manganese,  976 

mercury,  976 

nickel,  976 

potassa,  976 

silver,  977 

soda,  976 

strontia,  976 

tin,  976 

uranium,  976 

zinc,  976 

Benzoates,  976 
Benzoic  acid,  974 

anhydrous,  975 

crystallized,  975 

obtained  from  urine, 

975,  1179 

quantity  of,  obtained 

from  benzoin,  97 5 

sources  and  properties 

of,  974,  975,  and  n.  ib. 

specific  gravity  of  its 

vapour,  975 

sublimation  of,  1 1 1,  975 

Benzoic  ether,  1103 
Benzoin,  flowers  of,  974 
Benzule,  972 

its  chloride,  972 

cyanuret,  973 

hydruret,  972 

iodide,  973 

sulphuret,  973 

Berard  on  bicarbonate  of 
potassa,  567 

fruits,  877,  1061 

oil,  1187 

the  spectrum,  185 

and  DELAROCHEon  spe- 
cific heat,  149 
Berberis  vulgaris , 1049 
Bergamo , marbre  di , 599 
Bergman,  1,  9,  39,  69 

his  analysis  of  mineral 

waters,  70,  1211 
opinion  of  transmuta- 
tion, 9 

analytical  chemistry  in- 
vented by,  69 

on  aerial  acid,  75 

carbonate  of  magnesia, 

627 

carbonates  of  potash, 

561 

carbonic  acid,  75 

chemical  affinity,  39 

— analysis,  70 

— attraction,  75 

on  crystallization,  114 

elective  attraction,  75 

fulminating  gold,  817 

igneous  analysis,  73 

mineral  waters,  70 

nitrate  of  lime,  597 

oxalic  ether,  1100 

re-agents  and  preci- 

pitants,  70 
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Bergman  on  sulphuret  of  an- 
timony, 724 

sulphate  of  lime,  599 

tests,  70 

Berillium,  841 

Berthier,  on  arseniato  of 
nickel,  751 

cobalt,  684 

phosphate  of  lead,  717 

sulphate  of  lead,  717 

— nickel,  691 

sulphuret  of  manga- 
nese, 636 

Berthollet,  his  chemical 
statics,  39 

discovers  fulminating 

silver,  802 

on  attraction,  39 

chlorate  of  potassa  as 

a substitute  for  nitre  in 
gunpowder,  543 

chlorine,  83 

oxyprussic  acid,  502 

sugar,  904 

Berthoud  on  expansion  by 
heat,  125 

Beryl  contains  glucina,  841 
— its  analysis,  841 
Berzelius  on  acetates,  1117 

of  lead,  1122 

acetic  acid,  1109 

011  albumen,  1139 

alcohol  vapour,  1072 

ammonia,  391,  note 

ammonio-phosphate  of 

magnesia,  626 

antimony,  720,  et  seq. 

arsenic,  743,  745,  758 

acid,  747 

arsenious  acid,  746 

aurum  musivum , 679 

baryta,  606 

bile,  1159  et  seq. 

bismuth,  730,  731 

bisulphuret  of  carbon, 

509 

blood,  1137,  1145 

borate  of  baryta,  614 

carbonate  of  baryta,  613 

magnesia,  627 

cerumen,  1191 

chemical  symbols,  322 

citrate  of  soda,  1008 

columbium,  782 

cyanuret  of  iron,  651 

ether,  1087 

fibrin,  1144 

fluoride  of  barium,  608 

— titanium,  738 

fulminating  silver,  810 

gahnite,  669 

gelatine,  1182 

gluten,  916 

glycyrrliizin,  907 

gum,  895 

haloide  salts,  524,  note 
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Berzelius  on  hydrogen,  349 

hyponitrites,  380 

Iceland  moss,  1055 

indigo,  944 

instantaneous  light 

matches,  544 

lithia,  589 

magnesia,  620,  622 

manganese,  632,  633, 

637, ^ 638  ' 

margaric  acid,  963 

mead,  1066 

metals,  534,  note 

mineral  waters,  1212 

molybdenum,  761 

muriate  of  iron,  643 

nitrate  of  baryta,  609 

— soda,  576  note 

nitrogen,  372 

oxalate  of  molybdenum, 

1004 

osmium,  838 

oxide  of  iron,  640,  641 

lead,  712 

tin,  675 

palladium,  834 

paratartaric  acid,  1065, 

note 

— — perchloride  of  chro- 
mium, 773 

— — peroxide  of  chlorine, 
337,  note 

vanadium,  776 

— of  magnesia,  626 

phosphates  of  baryta, 

612 

phosphuret  of  ammonia, 

452 

— - — pinus  sylvestris , 1052 

platinum,  827 

potassa,  538 

Prussian  blue,  658 

pyroligneous  acid,  1113 

salts  of  copper,  697,  et 

seq. 

lead,  717  et  seq. 

selenite  of  lime,  602 

selenium,  453 

seleniuretted  hydrogen, 

457 

silica  and  its  separation 

from  manganese,  632, 
note 

on  silicium,  853 

starch,  913 

strontia,  615,  617 

subnitrate  of  copper, 

701 

sugar,  902 

— — sulphate  of  baryta,  611 

— of  iron,  647 

— lead,  717 

magnesia,  624 

sulphuret  of  arsenic, 

755,  and  note  ibid 
iron,  645 


Berzelius  on  sulphuret  of 
strontium,  617 

tellurium,  742 

testing  for  arsenic,  758 

thorinum,  847 

trisacetate  of  copper, 

1121 


tungsten,  780 

uranium,  733 

yttria,  845 

zirconium,  842 

Besnier  expelled  for  using 
antimony,  22 

Beta  vulgaris , 905,  922,  1049 
Beurre  pears,  1061 
Bezoar  mineral,  722 

stones,  1190 

Bibenzoate  of  bismuth,  976 
Biborate  of  ammonia,  512 
Bicarbonate  of  ammonia,  476 

lithia,  590 

magnesia,  627 

• potassa,  567 

its  preparation  on 

the  large  scale,  567 

soda,  586 

— its  manufacture,  586 

Bicarburet  of  hydrogen,  487 
- — jts  sources  and  pro- 
perties, 487 

nitrogen,  499 

Bicarburetted  hydrogen,  its 
absorption  by  charcoal, 


461 


Bichloride  of  iridium,  840 

mercury,  789 

molybdenum,  763 

osmium,  839 

palladium,  835 

Bichromate  of  ammonia,  769 

potassa,  770 

chloride  of  potassium, 

770 

Bicitrate  of  baryta,  1008 

iron,  1008 

Bicyanuret  of  mercury,  796 
Bifluoride  of  molybdenum, 
763 

Bifulminate  of  silver,  811 
Bihydrate  of  etherine,  1088 

indigo,  946 

methylene,  1125 

Bihydrocarbon,  483,  490 
Bihydroguret  of  carbon,  481 

its  analysis,  481 

combustibility, 

482 


— — — affected  by 
other  gases,  483 

explosion,  degree 

of  heat  requisite  for,  482 

with  air,  483, 

note 


sources,  481 

specific  gravity, 


481 


Bile,  1159 

— action  of  various  agents 

on,  1160 

■ — analysis  of,  1161 

— calculi  of,  1162 

— composition  of,  1161 

— inspissated,  1162 

— peculiar  matter  in,  1 1 60 

— resin  of,  1161 
Biliary  calculi,  1162 
Bimalate  of  ammonia,  1010 

lime,  1011 

Bimargarate  of  potassa,  963 
Bimeconate  of  lime,  1021 
Bimolybdate  of  ammonia,  761 
potassa,  762 

soda,  762 

Binarseniate  of  ammonia,  747 

baryta,  749 

hydrated,  749 

potassa,  748 

soda,  748 

Biniodide  of  molybdenum,  7 63 
Binhydrosulphate  of  hydro- 
carbon, 1108 
Biniodate  of  potassa,  547 
Binoleate  of  potassa,  964 
Binoxalate  of  ammonia,  999 

baryta,  1002 

lithia,  1001 

potassa,  1000 

soda,  1000 

Binoxide  of  lead,  712 

molybdenum,  760 

osmium,  839 

palladium,  834 

Binurate  of  ammonia,  1171 

lime,  1171 

Biot  on  refractive  powers. 

177 

— on  the  superficial  accu- 

mulation of  electricity, 
235 


— on  the  union  of  hydrogen 

and  oxygen  by  com- 
pression, 352 

— and  Arago  on  refractive 

power,  ^177 

— and  Gay  Lussac,  their 

balloon-ascent,  80 
Biphospliate  of  baryta,  612 

lead,  718 

lithia,  590 

potassa,  561 

soda,  583 

Biphosphite  of  lime,  600 
Biphosphuret  of 
452 


Birds,  fat  of,  1189 
Biscuit,  potters’,  862 
Biselenite  of  baryta,  613 

lime,  602 

potassa,  561 

soda,  582 

Biselenites,  455 
Biseleniuret  of  mercury,  796 


Biseleniuret  of  silver,  800 
Bisilicate  of  potassa,  850 
Bismuth,  first  described  by 
Agricola,  728 

butter  of,  720 

magistery  of,  780 

native,  728 

its  acetate,  1122 

alloy  with  gold,  820 

alloys,  732,  820 

— amalgam  with  lead 

and  mercury,  700 

arseniate,  731 

benzoate,  07 6 

— bi-benzoate,  076 

— borate,  732 

— bromide,  730 

carbonate,  731 

— — — chlorate,  730 

— chloride,  720 

chromate,  772 

— citrate,  1000 

— crystals,  110,  517 

— cyanuret,  731 

ferrocyanuret,  731 

— ferrosesquicyanuret, 

731 

— fusible  alloys,  732 

— fluoride,  730 

hydrosulphuret,  731 

hydruret,  730 

hyposulpliate,  731 

— hyposulphite,  731 

— iodate,  730 

iodide,  730 

nitrate,  730 

oxalate,  1003 

— oxide  native,  720 

oxides,  720 

peroxide,  720 

phosphate,  731 

phosphuret,  731 

— properties,  728 

— protoxide,  729 

— salts,  general  cha- 
racters of,  732 

— seleniuret,  731 

3 — sesquioxide,  729 

sources,  728 

— specific  gravity,  728 

sub  carbonate,  731 

— subchloride,  720 

— subnitrate  hydrated, 

730 

— subsulphate,  731 

— sulphate,  731 

sulphite,  731 

sulpliuret,  730 

— native,  730 

— supersulpliate,  731 

tartrate,  006 

tenacity,  728 

— volatility,  720 

Bistearate  of  ammonia,  061 

potassa,  061 

Bisuccinate  of  lead,  081 
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Bisulphate  of  cobalt,  686 

glucina,  842 

lithia,  500 

morphia,  1017 

potassa,  558 

soda,  577,  581 

Bisulphuret  of  antimony,  724 

carbon,  508 

— its  preparation  and 

properties,  508 

cobalt,  686 

hydrogen,  436 

iron,  645 

mercury,  704 

molybdenum,  764 

— platinum,  830 

potassium,  556 

sodium,  577 

tin,  678 

tungsten,  781 

vanadium,  778 

Bisulpliuretted  hydrogen,  556 
Bitartrate  of  ammonia,  001 

baryta,  004 

copper,  005 

magnesia,  004 

potassa,  571,  080,  001 

— action  of  borax  on, 

002 

potassa  a source  of  car- 
bonate, 002 

purity  of  tested, 

002 

Bite  of  rabid  animals,  nitric 
acid  applied  to,  387 
Bitter  almonds,  071,  1058 

— artificial,  025 

— extractive,  024 

— principle,  025 

— — from  indigo,  046,  n. 

— — tar,  087 
yellow,  025 

— salt,  624 

— spar,  628 

Bittern,  113,  344,  624,  628 

— bromine  obtained  from, 

344 

Bitumen,  elastic,  082 
Bitumens,  082 
Bituminous  limestone,  604 
Black,  Dr.,  his  character, 
53,  note 

his  chemical  researches, 

53 

on  causticity,  54 

change  of  state  in  bodies, 

148,  152 

congelation,  56 

fixed  air,  54 

heat,  56,  148 

hydrogen  balloons,  79 

latent  heat,  152 

— as  connected  with  the 

steam-engine,  60,  note 

liquefaction,  56 

magnesia,  55 


1227 

Black,  Dr.,  on  specific  heat, 
57,  148 

steam,  165 

vaporization,  57 

Black  ash,  soap  makers’, 
iodine  obtained  from, 
340 

— dye,  1056 

— coal,  083 

— fibrous  blende,  680 

— flux,  567,  744,  note 

— ivory,  462,  1103 

— lamp,  462 

— lead,  463 

■ — — crucibles,  863 

— lotion,  700 

— marble,  603 

— ore,  742 

— oxide  of  manganese,  632 
platinum,  826 

— pepper,  1041,  1061 

— rosin,  078 

— sulpliuret  of  copper,  701 
Blackened  surfaces  absorb 

heat,  100 

Bladders  increase  the  strength 
of  alcohol,  1071,  and  n. 
Blagden,  Sir  C.,  on  congela- 
tion, 154 

Blanc  de  fard , 730 
Blanchet  and  Sell  on  cam- 
phogen,  070 

on  muriate  of  campho- 

gen,.  070 

citrene,  070 

Blast  of  air  in  iron-furnaces, 
660  and  662,  note 
Bleaching,  83,  280,  334,  420, 
035 

by  chlorine,  83,  280, 

334 

suggested  by  Ber- 

thollet,  83 

by  light  and  air,  057,  n. 

by  sulphurous  acid  gas, 

420 

liquor,  504 

powder,  505 

— opinions  regarding 

its  composition,  505 
Blende,  670 

black  fibrous,  680 

Blistered  steel,  665 
Block-tin,  674 
Blood,  1136 

— aerated,  1106 

— arterial,  1146,  1106 

— changes  of  in  disease, 

1140 

— changes  of  during  respi- 

ration, 1107 

— detection  of,  1150 

— fibrin  of,  1142 

— iron  contained  in,  1145 

— serum  of,  1137 

— state  of,  in  cholera,  1140 
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Blood,  state  of,  in  fevers,!  149 

— tests  for,  1147 

— venous,  1145,  1196 

— its  analysis,  1148 

buffy  coat,  1136 

coagulation,  1136 

— — colouring  - matter, 

1144 

composition,  1148 

— crassamentum,  1 1 36 

• freezing-point,  1136 

odour,  1146 

preservation,  1147 

red  globules,  1136 

serous  portion,  1136 

specific  gravity,  1136 

• — ■ — its  spontaneous  coagu- 
lation, 1137 

— - — use  in  sugar-refining, 
900 

— of  various  animals,  odour 

of,  1147 

— stains,  detection  of,  on 

linen  and  steel,  1150 

— root,  1040 

• — stone,  855,  note 
Blower  of  a coal-mine,  481 
Blowpipe,  construction  and 
uses  of  the,  518,  note 
■ — - — flame,  external  and  in- 
ternal, 519,  note 
fluxes,  520,  note 

—  instructions  for  its  ma- 

nagement, 518,  note 

supports  for  substances 

under  the,  519,  note 

its  action  on  compounds 

of  antimony,  728 

•  arsenic,  74:6 

cerium,  741 

chromium,  775 

■ — copper,  710 

•  manganese,  639 

molybdenum,  765 

•  — nickel,  696 

•  titanium,  739 

tungsten,  731 

— uranium,  735 

■ zinc,  673 

■ — urinary  calculi,  1177 

•  oxyhydrogen,  350 

1 ignition  of  lime  by,  206 

Blue  carbonate  of  copper, 

706 

- — dyes,  942 

— indigo,  943 
■ — John,  596 

• — liquid,  943 

— pill,  785 

— Prussian,  84 
Scheele  on,  84 

— Saxon,  943 

— Thenard’s  687 

— verditer,  706 

— vitriol,  703 
Bobrhaave,  52 


Boilers  for  experiments  on 
steam,  165,  168 
Boiling-point  of  alcohol,  1072 
saturated  solutions, 

161 

of  water,  159 

points  affected  by  na- 
ture of  vessels,  159 
diminished  by  ex- 
traneous matters,  159 

diminished  in  vacuo, 

163 

increased  by  pres- 
sure, 163 

tables  of,  160 

simultaneously  with 

freezing,  168 

springs  contain  silica, 

856 
See  Heat 
Boletates,  1014 
Boletic  acid,  1013 
Boletus  juglandis , laricis  and 
pseudo  igniarius,  1055 
Bologna  vials,  866 
Bolognian  phosphorus,  198, 
611 

Bombshells  burst  by  freezing 
water,  356 
Bondt,  483 
Bone  phosphate,  601 
Bones,  1192 

albumen  of,  1192 

animal  and  human, 

composition  of,  1192 
— — destructive  distillation 
of  462,  1192 

earth  of,  contains  phos- 
phorus, 438 

earthy  salts  of,  1192 

— -fat  of,  1192 

gelatin  of,  1192 

hardening  matter  of, 

1192 

BoNSDORFFon  auro-chlorides, 
818 

onplatino-chlorides,  830 

Boracic  acid,  510 

anhydrous,  511 

hydrated,  511 

native,  511 

reddens  turmeric 

paper,  511 

— tinges  flame,  511 

its  combination  with 

metals,  532 
Boracite,  511,  628 
Borate  of  alumina,  853 

ammonia,  511 

baryta,  614 

bismuth,  732 

cadmium,  682 

cobalt,  688 

copper,  706 

iron,  658 

lead,  719 


Borate  of  lithia,  590 

lime,  605 

— * — magnesia,  628 

manganese,  638 

mercury,  798 

nickel,  692 

potassa,  570 

silver,  809 

soda,  511,  587 

anhydrous,  587 

cryst.,  587 

strontia,  619 

tin,  679 

zinc,  673 

Borates,  metallic,  532 
Borax,  587 

action  of  on  tartar,  992 

a flux  for  the  blowpipe, 

520,  note 

calcined,  587 

crystallized,  587 

renders  clothing  to  a 

certain  extent  incom- 
bustible, 587 

the  source  of  boracic 

acid,  511 

uses  as  a flux,  587 

Boraxated  tartar,  992 
Borda  on  expansion  by  heat, 
125 

Borofluoride  of  barium,  614 

potassium,  570 

— • — sodium,  587 
Borohydrofluoric  acid,  513 
Boron,  its  action  on  metals, 
532 

its  chloride,  512 

fluoride,  512 

preparation  and  pro- 
perties, 510 

• — vapour,  sp.gr.  of,  513 

Boruret  of  iron,  658 
Borurets,  532 

Bostock  on  acetate  of  lead, 

1121 

— albumen,  1138 

ebullition,  159 

— myrtle -wax,  957 

Bottle  for  specific  gravity,  136 

iron,  for  oxygen,  327 

• glass,  867 

Bottles,  ancient,  corrosion  of 
by  water,  864,  note 
Boudet  on  elaidine,  965 

olive-oil,  965 

Boulduc,  70 

Boullay  on  alcohol,  1079 

ether,  1081 

extractive  matter,  923 

picrotoxia,  1038 

ulmic  acid,  923 

Bourxon  on  the  forms  of 
carbonate  of  lime,  603 
Bournonite,  analysis  of,  727 
Boussin,  on  pyromucic  acid, 
898 
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Boutron  Charlard  on  chro- 
mosulphate  of  potassa, 
775 

on  conia,  1039 

Boyle,  Hon.  Robert,  29 

discovers  the  elasticity 

of  the  air,  402 

experiments  on  com- 
bustion, 31 

improves  the  air-pump, 

31 

on  the  graduation  of -the 

thermometer,  42 
Boyle’s  aerial  noctiluca , 437, 
note 

fuming  liquor,  435 

Braconnot  on  aloes,  925 

boletic  acid,  1013 

conversion  of  wood  into 

gum  and  sugar,  919,  n. 

• dyeing  with  orpiment, 

754 

ellagic  acid,  932 

fat  and  oil,  1185 

fibrin,  1143,  note 

fungi,  1055 

fungic  acid,  1014 

gelatine,  1181 

— — lactic  acid,  1128 

leucine,  1184 

lignin,  919,  note 

malic  acid,  1009 

mushroom  sugar,  907 

pectic  acid,  896 

ulmin,  924 

zumic  acid,  1128 

Bradley  on  light,  174 
Brain,  1190 

— contains  phosphorus, 

1191 

— composition  of  the,  1191 
Branches  of  trees,  872 
Brande  on  albumen,  1139, 

1140 

alcohol  in  wines,  1067, 

note , 1068 

analysis  of  mineral 

waters,  1204 

morphia,  1017 

benzoin,  975 

bisulphuret  of  carbon  in 

coal-gas,  495,  note,  509 

chloride  of  cobalt,  685 

chlorine  and  hydrogen, 

361 

chyle,  1194 

— — cinchonia,  1024 

classification  of  the 

metals,  535 

crystallization  of  sul- 
phur, 433 

decomposition  of  glass 

by  time  and  moisture, 
864,  note 

electricity  of  the  voltaic 

battery,  268 
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Brande  on  fusion  of  magne- 
sia, 620 

mineral  waters,  1211 

morphia,  1017 

myrtle-wax,  957 

nitrogen  in  vegeto-alka- 

lies,  1024,  1026,  note 

quinia,  1026 

radiant  heat,  192 

rhubarb,  1046 

separation  of  lime  and 

magnesia,  629 

sulphate  of  cobalt,  686 

symbols  used  in  che- 
mistry, 321 

table  of  metals  precipi- 
tated by  infusion  of 
galls,  930 

— - — varieties  of  tea,  1 048 
Brandes,  on  ammonia-sul- 
phate of  copper,  705 

atropia,  1037 

crotonic  acid,  955 

crystallized  camphoric 

acid,  969 

daturia,  1037 

hyoscyamia,  1037 

suberates,  1013 

Brandt,  discovers  phospho- 
rus, 437 

examines  arsenic,  744 

Brandy,  1067 

its  expansion  by  heat, 

124 

Brass,  708 

— its  analysis,  708 

— — composition,  708 
expansion,  127 

— — silvering  of,  812 
Brassica  rapa,  89 6,  922,  1050 

oleracea , 1055 

Brazil-wood,  937,  1053 
Bread,  made  from  wood,  920 
wheaten,  superiority  of, 

915 

Brewing,  1063 
Brewster,  Sir  D.,  on  the 
colours  of  the  spectrum, 
182 

monochromatic  light, 

206,  note 

polarization  of  light, 

181 

refractive  power,  176 

Bricks,  oil  of,  952 
Brilliant  cut  diamond,  459 
Brimstone,  417 
Brine  exposed  to  cold,  154 
Brionv,  925 
Britannia  metal,  727 
British  gum,  913 
Brittle  metals,  518 
Brodie  on  animal  heat,  1199 

poisoning  by  alcohol, 

1071 

— arsenic,  745 


Brogniart,  on  melting-point 
of  zinc,  157 

Bromate  of  baryta,  346,  608 

lead,  714 

lime,  596 

mercury,  792 

potassa,  547 

silver,  804 

soda,  575 

strontia,  616 

Bromic  acid,  346 
Bromide  of  aluminum,  850 

antimony,  723 

arsenic,  752 

barium,  608 

benzule,  973 

bismuth,  730 

calcium,  596 

carbon,  480 

chromium,  773 

cobalt,  685 

copper,  700 

gold,  818 

iron,  644 

lead,  714 

magnesium,  622 

mercury,  792 

molybdenum,  763 

phosphorus,  448 

potassium,  344,  547 

silicium,  857 

silver,  345,  800 

sodium,  575 

strontium,  616 

sulphur,  433 

zinc,  670 

Bromides,  metallic,  526 
Bromine,  derivation  of  the 
term,  345 

discovered  by  Balard, 

344 

dry,  a non-conductor  of 

electricity,  345,  note 

its  action  on  ammonia, 

398 

metals,  526 

olefiant  gas,  486 

— cyanuret,  504 

elementary  nature, 

345,  note 

— hydrate,  345 

hydrocarburet,  486 

poisonous  nature, 

345 

— presence  in  bittern, 

344 

muriatic  acid, 364 

sea-water,  344 

— properties,  345 

sources,  344 

specific  gravity,  345 

union  with  carbon, 

480 

hydrogen,  369 

metals,  526 

oxygen,  346 
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Bromine,  its  union  with  phos- 
phorus, 448 

— — — - — selenium,  45G 

sulphur,  433 

vapour,  345 

sp.  gr.  of  345 

Bromoform,  1108 
Bronchocele,  efficacy  of 
iodine  in,  340 
Bronze,  709 

powder,  078 

Bronzing  liquid,  6 97 
tea-urns  and  medals, 

097 

■ tin  medals,  G79 

Brooke  on  crystallization, 

119 

— crystallography,  114 

— primitive  forms,  119 

— crystals  of  acetate  of  ba- 

ryta, 1117 

• copper,  1119 

lead,  1121 

soda,  1117 

zinc,  1118 

— bichromate  of  ammonia, 

709 

calomel,  788 

carbonate  of  soda,  584 

chloride  of  cobalt,  685 

chromate  of  potassa, 

709 

soda,  770 

corrosive  sublimate, 

789 

■  emetic  tartar,  990 

hydrated  carbonate  of 

magnesia,  627 

nitrate  of  baryta,  008 

silver,  805 

strontia,  616 

oxalic  acid,  997 

— sulphate  of  cobalt,  680 

■  iron,  647 

■  magnesia,  623 

nickel,  691 

zinc.  671 

■  tartaric  acid,  990 

tartrate  of  potassa, 

991 

strontia,  015 

— and  Levy  on  crystals  of 

prussiate  of  potassa,  652 
Brown  blaze,  680 

— coal,  983 

— extractive-matter,  923 

— oxide  of  manganese,  632 

— quartz,  855,  note 
Brownrigg,  Dr.,  chemical 

discoveries  of,  56 
Bruce,  Dr.,  discovers  native 
hydrate  of  magnesia, 
620 

Brucia,  its  sulphate,  1032, 
1034 

• — antidysenterica , 1052 
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Bugnatelli’s  fulminating 
silver,  810 

Brunel  suggests  the  use  of 
liquid  carbonic  acid  as 
a motive-power,  471 
Brunner  on  the  preparation 
of  potassium,  536 
Brunswick  green,  699,  995 
Bryonia  alba , 1050 
Bryonin,  1046,  note 
Bucholz  on  acetate  of  baryta, 
1118 

carbonate  of  magnesia, 

627 

lime-burning,  605 

molybdenum,  760 

oxide  of  iron,  640,  641 

Spatliose  iron-ore,  651 

sulphate  of  cobalt,  686 

sulphuret  of  iron,  645 

tartrate  of  soda,  933 

tungsten,  780 

uranium,  733 

Buff  on  indigotic  acid,  949 
Buffy  coat  of  the  blood,  1136 
Buildings,  ventilation  of,  133 
Bulk  affected  by  heat,  123 
' — enormous  of  the  atmo- 
sphere, 413 

— relative  of  the  gaseous 

constituents  of  atmo- 
spheric air,  411 
Burdwan  sugar,  905,  note 
Burned  air,  135 

— alum,  852 

Burning  lens,  combustion  of 
the  diamond  in  its  focus, 
467 

Bussy  on  anhydrous  sulphuric 
acid,  424 

• — magnesium,  619 

— margarone,  963 

— stearone,  962 

— the  decomposition  of 

chloride  of  magnesium, 
619 

— the  discolouring  power  of 

charcoal,  461 
Butter,  1151 

— of  antimony,  722 

— arsenic,  732 

— bismuth,  729 

— tin,  676 

— zinc,  669 

Butters,  vegetable,  951,  957 
Butyrate  of  ammonia,  1153 

baryta,  1153 

copper,  1154 

lead,  1153 

lime,  1153 

potassa,  1153 

soda,  1153 

strontia,  1153 

Butyric  acid,  1151,  note 
Butyrin,  1151 


Cabbage,  1055 
red,  cause  of  its  red- 
dening when  bruised, 
942 

Cadet  on  coffee,  1044 
— galls,  926 
• — tannin,  926 
Cadet’s  fuming  liquor,  1117 
Cadmium  discovered  by 
Stromeyer,  680 

its  acetate,  1119 

alloys,  682 

borate,  682 

— carbonate,  682 

chloride,  681 

— chromate,  771 

— fluoride,  681 

— — — hyposulphate,  682 

— iodide,  681 

name,  derivation 

of,  680 

— nitrate,  681 

— oxalate,  1002 

— oxides,  681 

phosphate,  682 

phosphuret,  682 

preparation,  680 

protoxide,  681 

— salts,  their  general 

characters,  682 

sources,  680 

— specific  gravity,  681 

sulphate,  682 

sulphuret,  682 

Ccesalpina  crista , 1053 
Caffein,  1043 

Cagniard,  de  la  Tour,  on 
vapours,  166 
Cahincic  acid,  1031,  note 
Caking  coal,  983 
Calamine,  electric,  672 
Calcareous  spar,  114,  603 
its  crystals  dissected, 


114 


double  refraction, 

178 

Calcination  of  lime  in  close 
vessels,  605 
Calcined  borax,  587 

mercury,  785 

Calcium,  591 

its  ammonia -chloride, 

593 


— bromide,  596 

— chloride,  592 
hydrated,  593 

— cyanuret,  605 

— existence  demon- 
strated by  Davy,  591 

■ — ferrocyanuret,  655 

— ferrosesquicyanuret, 


656 


• — fluoride,  346,  370, 

596 

— iodide,  595 

oxide,  591 


GENERAL  INDEX. 


1231 


Calcium,  its  peroxide,  592 

phosphuret,  GOO 

platinochloride,  830 

protoxide,  591 

— silicofluoride,  858 

— sulphocyanuret  ? 

605 

— sulphuret,  597 

Calculi,  1175 

action  of  the  blowpipe 

on,  1177 

alvine,  1190 

ammonio  - magnesian, 

1177 

animal,  1180 

biliary,  11G2 

carbonate  of  lime,  1178 

cystic  oxide,  1177 

fusible,  1177 

oxalate  of  lime,  1001, 

1177 

phosphate  of  lime,  1177 

siliciferous,  1178 

triple,  1177 

urate  of  ammonia,  1177 

— — uric  acid,  1177 

urinary,  1167,  1175 

Calculous  concretions,  1175 
Calendula  officinalis , 1058 
Calendulin,  1058 
Calicocca,  1050 
Calico-printing,  art  of,  934, 
note 

Calomel,  786 

its  ancient  names,  78 6 

its  colour,  788 

— crystals,  788 

decomposition  by 

alkalies,  790 

form,  how  influ- 
enced, 788 

— insolubility,  788 

native  variety,  788' 

phosphorescence, 

788 

• — preparation  in  the 

dry  way,  786 

preparation  in  the 

humid  way,  786 

specific  gravity,  788 

Caloric,  see  Heat. 

Calorific  rays,  186 

repulsion,  211 

Calorimeter,  148,  note 
Calorimotor,  264 
Calumba-root,  active  princi- 
ple of,  1047,  note 
Calxes  theory  of  their  forma- 
tion, 31 

Campeachy  wood,  937 
Campliene,  967 
Camphogen,  967 

hydrate  of,  969 

muriate  of,  970 

its  protoxide,  968 

Camphor  artificial,  966,  970 


Camphor,  its  combustion,  209 
' — combustion  in  rare- 
fied air,  416 

crystallization,  112 

sources  and  proper- 
ties, 968 

specific  gravity,  968 

Camphorates,  general  cha- 
racters of,  969 
Camphoric  acid,  969 

— , anhydrous,  969 

, crystallized,  969 

Candle-crackers,  163 

flame,  its  formation, 

207 

Candles,  composition,  1186 

light  of  compared  with 

coal-gas,  499 

stearine,  1186 

Candy  sugar,  902 

— crystals  of,  112,  902 
Cane-juice,  its  composition, 

898 

Cannabis  sativa,  1059 
Cannel  coal,  983 
Cannobio,  on  sarsaparilla, 

1051 

Cantharadin,  1189 
Cantharides,  1189 
Canton  on  the  compression 
of  water,  357 

Canton’s  phosphorus,  198 
Caoutchouc,  981 

its  analysis,  889,  note 

destructive  distilla- 
tion, 981 

solution  in  naphtha, 

491 

— volatile  hydrocar- 
bon, 981 

mineral,  982 

Capacity  for  heat,  147,  149 

— of  air,  151 

— mercury,  148 

— oil,  148 

— water,  148 

— affected  by  density,  150 

— tables  of,  149 

Cape  wine,  specific  gravity 
. of>  1067,  note 
Capillary  attraction,  106 
, its  important  con- 
sequences, 106 
Capnomor,  988 

derivation  of  its  name, 

988 

its  properties,  988 

Cap  rates,  1154 
Cap  rate  of  baryta,  1154 
Capric  acid,  1152-54 
Caproate  of  baryta,  1154 

lime,  1154 

potassa,  1154 

Caproic  acid,  1152-54 
Capsicin,  1059 
Capsicum  annuum , 1059 


Caput  mortuum,  881 

— — vitrioli , 20,  647 
Carats,  value  of  diamonds 

estimated  by,  459 
Carbazotate  of  ammonia,  948 

baryta,  949 

copper,  949 

lead,  949 

lime,  949 

magnesia,  949 

mercury,  949 

potassa,  948 

silver,  949 

soda,  948 

Carbazotic  acid,  947 
Carbon,  458 

— its  action  on  metals,  531 
bihydroguret,  481 

— bisulpliuret,  508 

bromide,  480 

chlorides,  477 

deposition  from  oil- 
gas, 484,  note 

dichloride,  478 

hydrates,  894,  922 

hydriodide,  486 

hydrobromide,  486 

hydrochloride,  485 

hydroguret,  483 

identity  with  diamond 

proved  by  combustion, 
467 

iodides,  479 

metallic  rank,  464 

oxide,  464 

phosphuret,  439,  510 

• — — perchloride,  477 

proportion  in  different 

' varieties  of  steel,  665  n . 
— • — protiodide,  479 

protobromide,  480 

protocliloride,  478 

protoxide,  466 

purest  form  the  dia- 
mond, 458 

seleniuret,  510 

sesquichloride,  477 

sesquiodide,  479 

union  with  bromine, 

480 

chlorine,  477 

hydrogen,  480 

iodine,  479 

iron,  650 

metals,  531 

nitrogen,  499 

— oxygen,  464 

—  phosphorus,  510 

potassium,  561 

selenium,  510 

■ — sulphur,  508 

vapour,  weight  of, 

474,  475  note 

— charcoal,  a form  of,  460 

— & water  constitute  wood, 

921.  See  Charcoal. 
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Carbonaceous  matter  depo- 
sited from  oil-gas,  484  71. 
Carbonate  of  ammonia,  475 

— commercial,  bow 

prepared,  476 

hydrated,  476 

baryta,  606,  613 

— native,  613 

— its  poisonous  nature, 

613 

bismuth,  731 

cadmium,  682 

cerium,  741 

chromium,  775 

cinch  onia,  1026 

cobalt,  687 

— copper,  705 

glucina,  842 

lead,  718 

lime,  602 

cryst.  602 

native,  603 

action  of  heat  on 

under  pressure,  605 

a source  of  carbonic 

acid,  470,  472 

in  calculi,  1178 

■ its  solution  in  car- 

bonic acid,  473 

and  magnesia,  628 

• lithia,  590 

magnesia,  627 

hydrated,  627 

its  sources,  628 

of  manganese,  630,  638 

mercury,  796 

nickel,  692 

potassa,  562 

its  commercial  va- 
rieties, 563 

composition,  562 

impurities  de- 
tected, 568  note 
production  by  de- 
flagration, 567 

purity  tested  by 

alkalimetry,  563 
quantity  in  solu- 
tions of  different  speci- 
fic gravities,  562 

sources,  562,  992 

uses,  563 

and  magnesia,  628 

silver,  809 

soda,  584 

its  commercial  sup- 
ply, 584 

native,  584 

its  uses,  584 

and  magnesia,  628 

of  strontia,  618 

native,  619 

tin,  679 

uranium,  735 

yttria,  846 

zinc,  672 


Carbonate  of  zinc,  native,  672 

zirconia,  845 

Carbonates,  decomposition  of 
by  phosphorus,  474 

metallic,  532 

Carbonic  acid,  467,  470 

gaseous,  470 

action  on  metallic 

oxides,  532 

liquid,  470:i 

expansibility  of  by 

heat,  471 

• — mixed  with  ether 

produces  cold,  471 
production  and  pro- 
perties of,  470 

refractive  power, 

470 

suggested  as  a mo- 
tive power,  471 

solid,  471  ' 

weight  of,  how  ascer- 
tained in  organic  ana- 
lysis, 888 

Carbonic  acid  gas,  467,  471 

animal  life  destroyed 

by,  471 

choak-damp  of  mines, 

472 

combustion  of  po- 
tassium in,  474 

flame  extinguished 

by,  471 

growth  of  plants  af- 
fected by,  473 

life  destroyed  by,  471 

suffocation  by,  471 

tests  of  its  presence, 

473 

unrespirable  when 

pure,  471 

its  absorption  by 

charcoal,  461 

its  absorption  by  po- 
tassa in  organic  analy- 
sis, 885 

action  on  ammo- 
nia, 475,  and  n.  ib. 

— affinity  feeble,  473 

antiseptic  proper- 
ties, 473 

aqueous  solution 

dissolves  carbonate  of 
lime,  473 

composition,  474, 

and  475,  note 

decomposition  by 

electricity,  474 
Carbonic  acid  gas,  its  decom- 
position by  metals,  473 
existence  in  ca- 
verns, mines,  &c.,  472 
fermented  li- 
quors, 472 

evolution  during 

combustion,  473 


Carbonic  acid  gas,  fermenta- 
tion, 1065,  1066 

respiration, 

473 

in  lime-burn- 
ing, 473 

expulsion  from 

water  by  heat  or  cold, 
472 

liquefaction,  470 

narcotic  poison- 
ous properties,  471 

preparation,  470 

presence  in  the 

atmosphere,  410 

detected  by 

baryta-water,  606 

production  by 

burning  diamond,  86, 
467 

properties,  470 

quantity  in  atmo- 
spheric air,  410 

solution  in  water, 

472 

specific  gravity, 

470 

weight,  471 

Carbonic  oxide,  464 
contains  no  hydrogen, 

465 

its  absorption  by  char- 
coal, 461 

action  on  chlorine, 

466 

combustibility,  465 

composition, 465, 475 

note 

conversion  into  car- 
bonic acid,  465 

— flame,  415,  465 

preparation,  464 

properties,  465 

sp.  gravity,  465 

Carbonium,  318,  464 
Carbonous  acid,  464 
Carbo-sulphuric  acid,  509 
Carboys  for  sulphuric  acid, 
422 

Carburet  of  cerium,  741 

copper,  705 

iron,  650 

lead,  718 

manganese,  638 

nickel,  692 

nitrogen,  501 

palladium,  835 

potassium,  561 

selenium,  510 

silicium,  858 

Carburets,  metallic,  531 
Carburetted  hydrogen,  480 
its  absorption  by  char- 
coal, 461 

action  of  chlorine  on, 

477 
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Carburetted  hydrogen,  econo- 
mical applications  of, 
495 

• from  fixed  oils,  952 

from  coal,  495 

hydrocarbons  contained 

in,  498 

of  marshes  and  mines, 

481 

Cardamom-seeds,  1058 
Carica  papaya , milky  juice 
of  the,  917 
Carmine,  939 
Carminium,  939 
Carnelian,  855  note 
Carolina  rice,  1000 
Carolus  Musitanus,  13 
Carrick  on  mineral  waters, 
1211 

Carrots,  8G4,  922,  1050 
Carthamic  acid,  937 
Carthamine,  937 
Caryophyllate  of  ammonia, 

971 

Caryopliyllus  aromaticusfi!  1, 

1058 

Casaseca  on  picrotoxia, 

1038 

Cascarilla,  1052 

extract  of,  1052 

Caseate  of  ammonia,  1150 
Casehardening,  GOO 
Caseic  acid?  1150 
Caseous  oxide,  1150 
Caseum  lactalbumen,  1155 

sulphate  of,  1155 

Cassava,  908  note 
Cassia , 1052 

fistula , 1059 

pulp,  1059 

Cassius,  powder  of,  817 
Cassola  on  protoxide  of  tin, 
074 

Cast  iron,  004 
— its  decarbonization,  004 

varieties,  004 

Cast  steel,  English,  000 
Castor,  1190 
oil,  954 

— active  principle,  954 

note 

seeds,  1001 

Catechu  contains  tannous 
acid?  928 
Catliartin,  1045 
Cathelectrode,  209 
Catliions,  simple  and  com- 
pound, 279 

table  of,  279 

Cathodes,  209 
Cat’s  back,  electrical  by  fric- 
tion, 224 

Caustic,  lunar,  800 

potassa,  539 

soda,  572 

Causticity,  Black  on,  55 


Cavallo  made  the  first  hy- 
drogen balloon,  79 
Cavendish  on  eudiometry, 
409 

fixed  air,  79 

hydrogen,  79,  347 

nitric  acid,  78 

nitrous  air,  79 

water,  78,  80 

Cavendish’s  eudiometer,  352 
Caviare,  1189 
Cawk,  Oil 
Celestine,  018 

radiated,  018 

Cellular  tissue  of  plants,  871 
Cementation,  process  of,  005 
Cements,  863 
Centaurea  benedicta , 1057 
Centigrade  thermometer,  43, 
138 

Centipede,  luminous,  201 
Cerates  and  ointments,  basis 
of,  958 

Cerebral  substance,  1190 
Cerine,  958 
Cerite,  739 

Ceruleo-sulphate  of  potassa, 
945 

Cerulin,  945 
Cerumen,  1191 
Ceruse,  718 

Cerium,  derivation  of  its 
name,  739 

its  acetate,  1123 

carbonates,  741 

carburet,  741 

chloride,  740 

compounds,  action 

of  the  blowpipe  on,  741 

fluoride,  740 

— hyposulphate,  741 

— oxalate,  1003 

oxides,  739 

percarbonate,  741 

peroxide,  740 

hydrated,  740 

persalts,  741 

persulphate,  741 

phosphuret,  741 

preparation,  739 

properties,  739 

protocarbonate,  741 

protochloride,  740 

• — protoxide,  739 

hydrated,  740 

protophosphate,  741 

— protosalts,  741 

— protosulpliate,  741 

with  potassa,  741 

— salts,  their  general 

characters,  74 1 

— sesquioxide,  740 

sources,  739 

subperoxide,  740 

— sulphates,  741 

sulphuret,  740 


Cerium,  its  tartrate,  990 
Cetin,  1187 

Cetraria  islandicus , 1055 
Chabasite,  801 
Chalcedony,  855,  note 
Chalk,  004 

converted  into  quick- 
lime by  heat,  473,  005 

stones,  1171 

Chalybeate  mineral  waters, 
‘ 1205,  1211 

springs,  silicate  of  iron 

in,  800 

waters  artificially  imi- 
tated, 70 

Chamberlain  on  nanhthalin, 
492 

Chameleon  mineral,  034 
Chamomile,  1057 

extract  of,  1057 

Chandelier,  gas,  ventilation 
by,  134 

Chantrey,  Mr.,  his  stove,  140 
Chaptal,  91,  and  note,  ibid. 

first  published  a system 

of  chemistry,  91 
Characters  of  Lord  and  Roger 
Bacon,  0 

ancient,  for  denoting 

the  metals,  515 

chemical,  indicated  by 

crystalline  form,  113 
Characters,  general,  of  the 
acetates,  1110 

gallates,  931 

lactates,  1129 

meconates,  1022 

paramakeates,  1011 

strychnates,  1035 

— tannates,  929 

— salts  of  alumina,  853 

antimony,  728 

arsenic,  751 

baryta,  014 

bismuth,  732 

daturia,  1038 

cerium,  741 

cadmium,  082 

cobalt,  088 

copper,  709 

glucina,  842 

gold,  321 

iron,  059 

lead,  719 

lime,  G05 

lithium,  590 

magnesia,  029 

manganese,  038 

mercury,  800 

molybdenum, 

705 

nickel,  095 

palladium,  830 

platinum,  833 

potassium,  570 

rhodium,  837 

4 K 
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Characters  general  of  the  salts 
of  silicium,  859 

silver,  813 

sodium,  587 

strontia,  619 

tellurium,  743 

tin,  679 

— — titanium,  738 

— — uranium,  735 

yttria,  846 

— , — zinc,  673 

zirconia,  845 


Charcoal  absorbs  aqueous 
vapour,  461 

■  — oxygen  in  prefer- 

ence to  nitrogen,  462 
absorption  of  gases,  by, 

461 

action  of  on  lime-water, 

461 

— ■ nitric  acid  on,  927,  n. 

on  nitre,  551 

■  animal,  462 

• - — its  use  in  sugar -re- 

fining, 900 

anthracite  a form  of, 463 

black-lead  a form  of,  463 

carbon  a form  of,  460 

coal-gas,  462 

■  coke  a form  of,  463 

combustion  of  in  oxy- 
gen, 470 

deprives  water  of  sul- 
phuretted hydrogen, 
461,  note 

destroys  bad  odours, 460 

diamond  a form  of,  458 

discolouring  power  of, 

461 

electricity  conducted 

by,  226,  460 

graphite  a form  of,  463 

— — - heat  not  conducted  by, 
146 

identity  of  with  dia- 
mond, 467,  665,  note 

ignition  of  by  Voltaic 

electricity,  269 
— — infusible  by  heat,  460 
ivory-black  a form  of, 

462 

— lamp-black  a form  of, 

462 

metallic  appearance  of, 

462 

mineral,  463 

plumbago  a form  of,  463 

preparation  of  for  fuel, 

460 

— for  gunpowder  mak- 
ing, 460 

■  proportion  of  in  gun- 

powder, 552 

— yielded  by  different 

woods,  460 

wood  a source  of,  460 


Charge  electrical,  239 
Chariot  of  Antimony,  18 
Charles  II.  incorporates  the 
Royal  Society,  27 
Charles,  his  ascent  in  a bal- 
loon, 79 

and  Robert,  their  as- 
cent in  a balloon,  79 
Chaudet  on  bismuth,  729 
Chauoc  carbonatee  lente , 629 
Cheese,  1155 

Cheshire,  colouring- 

matter  of,  942 
Chemical  abbreviations,  321 

action,  211 

induced  by  electri- 
city, 272  et  seq. 

solar  light,  184 

heat,  211 

— Voltaic  light,  360 

— illustrations  of,  211 

— modified,  215 

by  cohesion,  211 


— - — by  heat,  211 

results  of  affinities, 

214 

— requires  apparent 

contact,  211 

— source  of  electricity 

in  the  Voltaic  pile,  290 

affinity,  211 

Bergman  on,  39 

— ■ Berthollet  on,  39 

— Dalton  on,  41 

— Davy  on,  102 

— Gay  Lussac  on,  40, 

102 

Geoff roy  on,  38 

— Higgins  on,  30 

— Mayow  on,  36 

Newton  on,  38 

— Richter  on,  40 

— Wollaston  on,  102 

definite  laws  of, 

211,  216 

diagrams  of,  215 

— exerted,  211 

— — illustrations  of,  211 

■ — modified,  215 

by  cohesion,  211 

- — overcome  by  heat,  2 1 1 

promoted  by  heat, 

211 

See  Affinity  and  Atomic 
Theory 

Chemical  agency  of  the  V ol- 
taic  pile,  272 

apparatus,  17,  323 

— ancient,  1 7 

arrangement  of  ele- 
ments and  compounds, 
317-319 

attraction,  211,  see 

Affinity. 

changes,  laws  of,  211 

combinations,  211 


Chemical  composition  indi- 
cated by  crystalline  clia- 
s racters,  112 

decomposition,  214 

decompositions  electro - 

polar,  296 

effects  of  electricity, 

260,  274 

effects  of  radiant  mat- 
ter, 184 

elements,  modern,  317 

elements  of  the  alcliy- 

mists,  23 

equivalents,  216 

Wollaston’s  scale  of, 

41,  218 

medicines  introduced, 

21,  22,  25 

medicines,  their  com- 

sition  divulged,  25 

nomenclature,  abstract 

of,  320 

observations  on  air  and 

fire  by  Scheele,  81 

philosophy,  fathers  of,  2 

rays  of  light,  1 84 

symbols,  320,  321 

Chemistry  defined,  1 

definitions  of,  I,  note 

analytical  improved  by 

Bergman,  76 

—  — — by  Klaproth,  76 

animal,  1131 

history  of,  1 

inorganic,  317 

—  objects  of,  1 

pneumatic,  founded  by 

Hales,  47 

improved  by  Priestley, 

63 

pneumatic,  apparatus 

for,  323 

vegetable,  869 

Chemistry,  sketch,  historical, 
of  its  origin  and  progress,  1 ; 
definitions  of  by  L’Emery, 
Bergman,  Black,  Four- 
croy,  Gren,  Thomson,  1, 
note ; by  Davy  and  Boer- 
haave,  2,  note;  supposed 
derivation  of  the  word 
Chemistry  by  Bryant,  Pal- 
mer, Y oung,  Boerhaave, 
and  Fourcroy,  2,  note  ; fa- 
thers of  chemical  philoso- 
phy, Bacon,  Boyle,  Hooke, 
Mayow,  and  Newton,  2 ; 
lord  Bacon’s  character  of 
an  inquirer  into  nature,  3 ; 
objects  of  alchymy,  4 ; 
transmutation,  4 ; Hermes 
Trismegistus,  his  Tracta- 
tus  Aureus , 4 ; Geber’s 
works,  5 ; Artephius,  6 ; 
Roger  Bacon,  his  charac- 
ter, and  list  of  his  works, 
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6,  and  note;  the  supposed 
inventor  of  gunpowder,  6 ; 
anagram  of  its  composi- 
tion, 6,  note ; Albert  of 
Cologne  and  Raymond 
Lully,  6 ; Isa  ac  and  John 
of  Holland,  Flammel,  Sal- 
mon, Ripley,  and  Ashmole, 
8 ; Van  Helmont  and 
Bergman’s  opinion  of  trans- 
mutation, 9 ; Helvetius, 
his  narrative  of  a transmu- 
tation, 10 ; Sir  Kenelm 
Digby,  1 1 ; Mangetus,  his 
anecdote  of  a transmuta- 
tion, 12;  formula  for  pre- 
paring the  philosophers’ 
stone  by  Carolus  Musita- 
nus,  13;  mode  of  project- 
ing, 15;  Elias  Ashmole 
and  Thomas  Norton,  their 
works,  15;  Dr.  Price,  his 
belief  in  transmutation,  1G ; 
Peter  Woulfe,  anecdotes 
concerning  him  by  the 
author,  16;  alchymical  ap- 
paratus, 17;  contempora- 
ries with  the  alchymists, 
17;  Basil  Valentine,  his 
Haliographia  and  Currus 
Triumphalis,  18;  describes 
aqua-fortis,  oil  of  vitriol, 
and  sulphate  of  iron,  19; 
improvements  in  the  manu- 
facture of  oil  of  vitriol  by 
Drs.  Ward  and  Roebuck, 
20 ; Basil  Valentine’s  pane- 
gyric on  antimony,  2 1 ; 
Paracelsus,  his  real  name, 
21;  his  contemporaries, 
Theodore  de  Mayerne,  Du 
Chesne,  and  Crollius,  22; 
Schroder’s  Chemico  Medi- 
cal Pharmacopoeia,  22 ; Van 
Helmont,  his  works,  23 ; 
introduces  the  term  gas, 
23;  chemistry  of  the  17th 
century,  24 ; notice  of  Lord 
Bacon,  24 ; Glauber,  his 
works,  25;  discovers  vola- 
tile alkali,  sal  mirabile, 
pyroligneous  acid,  and  mu- 
riatic acid,  26;  improves 
and  invents  much  appara- 
tus, 27 ; early  proceedings 
of  the  Royal  Society,  28; 
and  of  the  Royal  Academy 
of  Sciences,  28;  character 
and  works  of  Boyle,  29; 
note  concerning  Hooke, 
29 ; Hooke’s  Micrographia, 
30  ; his  notions  about  com- 
bustion, 30;  on  the  calci- 
nation of  metals,  by  Le 
Brun  and  Rey,  31 ; Hooke 
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hints  at  oxygen,  32;  Ma- 
yow’s  tracts  on  philoso- 
phical subjects,  32;  theo- 
ries of  combustion  by  Bee- 
cher and  Stahl,  33;  Ma- 
yow  hints  at  oxygen,  34; 
discovers  hydrogen  gas,  35; 
experiments  upon  respira- 
tion and  chemical  affinity, 
36;  Newton  on  chemical 
affinity,  37;  Geoffroy,  Gel- 
lert,  Limbourg,  and  Berg- 
man’s tables  of  chemical 
affinity,  38,  39;  Berthol- 
let.  Davy,  Pfaff,  Higgins, 
Richter,  Wollaston,  Dal- 
ton, and  Gay-Lussac,  on 
the  atomic  theory,  40;  in- 
vention of  the  thermome- 
ter, 41 ; the  academicians 
del  Cimento,  improve  the 
thermometer,  42 ; Boyle, 
Halley,  and  Newton,  de- 
termine a proper  scale  for 
its  graduation,  42 ; Fahren- 
heit, Reaumur,  and  the 
centrigrade  scale,  43 ; ano- 
malous expansion  of  water 
by  cold,  observed  by  the 
Florentine  academicians, 
43 ; their  simple  narrative 
of  the  experiment,  43,  note  ; 
experiments  of  Drs.Croune 
and  Wallis  on  the  expan- 
sion of  water  by  cold,  44 ; 
radiation,  reflection,  and 
refraction  of  heat,  experi- 
mented upon  by  the  Floren- 
tine academicians,  Mus- 
chenbroek,  De  Marian, 
and  others,  44;  chemistry 
of  the  18th  century,  46; 
Dr.  Hales  founds  pneuma- 
tic chemistry,  and  invents 
methods  of  operating  with 
gases,  47  ; experiments, 
much  upon  respiration  and 
vegetation,  48 ; on  the  mo- 
tion of  sap  in  vegetables, 
and  the  moisture  they  ab- 
sorb from  the  soil,  or  lose 
by  transpiration,  49  to  51; 
Herman  Boerhaave,  a con- 
temporary with  Hales,  no- 
tice of  him  and  his  works, 
52,  and  note ; Dr.  Black, 
his  character  as  a lecturer, 
53  note  ; his  writings,  54 ; 
discovers  the  cause  of  caus- 
ticity of  the  alkalies  and 
earths,  55 ; note  concerning 
Macquer,  55 ; Macbride 
verifies  Black’s  experi-  , 
ments,  56 ; Black’s  re- 
searches on  latent  heat,  56 
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and  57 ; on  vaporization 
and  the  production  of  cold 
by  evaporation,  58;  notice 
of  Dr.  Cullen  and  James 
Watt,  59,  note ; Black’s 
theory  of  latent  heat  as 
connected  with  the  steam- 
engine,  60,  note;  Watt’s 
capital  improvement  of  the 
steam-engine,  61  ; sketch 
of  his  character  by  the  au- 
thor of  W averley,  62 ; Dr. 
Priestley’s  observations  on 
different  kinds  of  air,  63; 
discovers  dephlogisticated 
air  or  oxygen,  63,  and  ni- 
trous oxide,  64 ; experi- 
ments on  air  spoiled  by 
animal  respiration,  65 ; in- 
vents the  mercurial  trough, 
and  discovers  gaseous  mu- 
riatic acid  and  ammonia, 
66  ; his  vitriolic  acid  air, 
note , 66 ; mentions  the  dis- 
covery of  dephlogisticated 
air  at  Lavoisier’s  table, 
67,  note ; nitrogen  dis- 
covered by  Rutherford,  68 ; 
Franklin’s  notice  of  Priest- 
ley’s discoveries,  68,  note ; 
Bergman,  his  great  talents 
as  an  analyst,  70 ; his  essay 
on  mineral  waters,  and 
tests  for  their  analysis,  70 
to  72 ; his  experiments  on 
the  solution  of  metals,  me- 
tallic precipitates,  and  his 
table  of  the  elective  attrac- 
tions of  fixed  air,  73  to  76 ; 
his  successors  in  analytical 
chemistry,  Klaproth,  Vau- 
quelin,  and  Stromeyer,  76 
and  note ; Memoir  of  Che- 
nevix,  77 ; notice  of  the 
Hon.  E.  Howard,  78;  Ca- 
vendish, his  two  capital 
discoveries,  78;  first  bal- 
loon ascent,  by  Charles  and 
Robert,  79 ; ascent  by  Biot 
and  Gay  Lussac,  80;  dis- 
covery of  the  composition 
of  water,  due  to  Watt  and 
Cavendish,  80 ; Scheele,  a 
contemporary  with  Caven- 
dish, his  observations  on 
air  and  fire,  81 ; discovers 
chlorine,  82 ; experiments 
on  fluor-spar,  83 ; on  arse- 
nite  of  copper  and  sugar  of 
milk,  83 ; on  the  colouring- 
matter  of  Prussian  blue, 
discovered  by  Diesbach, 
84 ; discovers  prussic  acid, 
84  ; Lavoisier,  his  re- 
searches on  heat,  85;  on 
4 K 2 
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Chemistry  ( continued ). 
the  principles  of  nomencla- 
ture and  on  combustion, 
86;  on  the  combustion  of 
the  diamond,  and  on  the 
nature  of  neutral  salts,  87 
to  88 ; improves,  much, 
apparatus,  88;  his  claims 
to  originality  considered, 
89,  note ; Guyton  - Mor- 
veau,  Fourcroy,  and  Chap- 
tal,  notice  of  their  labours, 
91  and  note;  observations 
on  the  principles  of  nomen- 
clature, 92;  Galvani  dis- 
covers electricity  produced 
by  the  contact  of  metals, 
93;  his  discovery  followed 
up  by  Volta  and  Davy,  93, 
who  investigates  the  de- 
composition of  water,  and 
decomposes  the  alkalis  by 
the  voltaic  pile,  94;  his 
researches  on  chlorine,  93 ; 
his  discovery  of  the  safety- 
lamp,  96 ; biographical 
memoir  of  Davy,  97  to  102 ; 
the  author’s  introduction 
to  him,  97 ; specimens  of 
his  correspondence,  98 ; his 
latter  days,  100;  account 
of  his  last  moments  by  Dr. 
Tobin,  101,  and  by  Dr. 
John  Davy,  102;  his  in- 
terment at  Geneva,  102  ; 
Dr.  Wollaston,  his  contri- 
butions to  science,  102; 
his  microscopic  chemistry, 
103;  his  illness  and  death, 
103 ; delineation  of  the 
intellectual  portraits  of 
Davy  and  Wollaston,  by 
Dr.  Henry,  104 
Chemists,  Dutch  associated, 
483 

Chenevix,  memoir  of,  77 

on  arseniates,  750 

chlorate  of  baryta,  607 

— soda,  575 

coffee,  1044 

oxide  of  copper,  697 

palladium,  77 

phosphate  of  copper, 705 

platinum,  827 

Cherry-coal,  983 
Cherry-tree  gum,  896 
Chesne,  Du,  notice  of,  22 
Chevillot  and  Edwards  on 
chameleon  mineral,  634 
Chevreul  on  adipocere,  1134 

albumen,  1138 

bitter  principle,  925 

Brazil-wood,  1053 

camphor,  968 

chloride  of  lead,  714 

fat,  1185,  et  seq  '. 


Chevreul  on  hematin,  937 

indigo,  944 

indigotic  acid,  969 

margaric  acid,  963 

oil,  llHg 

oleic  acid,  964 

saponification,  958 

on  stearic  acid  and  stea- 
rates, 960 

stearine  and  elaine,  951 

sulphoadipic  acid,  953 

sulphuret  of  arsenic  and 

iron,  757 
Chica  red,  939 
Children  on  calculi,  1190 

cerium,  739 

iridium,  840 

meteoric  stones,  694 

Children’s  large  voltaic  bat- 
tery, 270 

Chime,  electrical,  237 
Chimneys,  theory  of  their  ac- 
tion, 134,  195 

China,  or  oriental  porcelain, 
862 

Chiton,  1194  note 
Chloral,  1105 
Chlorate  of  alumina,  850 

ammonia,  396 

antimony,  723 

baryta,  338,  607 

bismuth,  730 

einchonia,  1025 

copper,  700 

— — iron,  643 

lead,  714 

——  lime,  595 
— — - magnesia,  622 

■ manganese,  636 

mercury,  791 

potassa,  542 

— action  of  sulphuric 

acid  on,  543 

— supports  combustion 

under  water,  544 

its  composition,  543 

— detonation  with  com- 
bustibles, 543 

with  phosphorus, 

543 

— - with  sulphur,  543 

— mixture  with  com- 
bustibles, action  of  sul- 
phuric acid  on,  543 

— preparation,  542 

— substitution  for  nitre 

in  gunpowder,  543 
use  for  instantane- 
ous light  matches,  544 
— — in  organic  ana- 
lysis, 882 

for  percussion 

powder,  544 

quinia,  1029 

silver,  804 

soda,  575 


Chlorate  of  strontia,  616 

— its  detonation,  616 

zinc,  670 

Chlorate  pastes,  for  instan- 
taneous light  matches, 
544 

Chloric  acid,  338 

action  of,  on  ammonia, 

396 

— on  metals,  525 

ether,  485 

Chloride  of  aluminum,  850 

antimony,  722 

— — — arsenic,  752 

barium,  606 

anhydrous,  607 

crystallized,  607 

its  aqueous  solution  a 

test  for  sulphuric  acid, 

607 

benzule,  972 

bichromate  of  potassi- 
um, 770 

bismuth,  729 

boron,  512 

bromine,  346 

— — cadmium,  681 

calcium,  592 

desiccation  of  gases 

by,  406 

— fused,  593 

— hydrated,  593 

— its  absorption  of  am- 

moniacal  gas,  392,  593 

its  use  in  organic 

analysis,  884 

— and  ammonia,  593 

of  edrbon,  477 

cerium,  740 

chromium,  773 

cobalt,  685 

columbium,  783 

copper,  699 

ether' ne,  490 

glucinum,  841,  842 

gold,  815 

anhydrous,  816 

— crystallized,  816 

t!  J 

— sethereal  solution  of, 

817 

iridium,  840 

iron,  642 

lead,  713 

— native,  713 

lime,  594 

decomposes  ammo- 
nia, 396 

instrument  for  its 

analysis,  594 

lithium,  589 

magnesia,  622 

magnesium,  620, 

mercury,  786 

molybdenum,  763 

naphthalin,  493 

nickel,  690 
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Chloride  of  nitrogen,  380 

— its  composition,  390 

explosive  proper- 
ties, 389 

preparation,  389 

syringe  for  trans- 
ferring, 389 

osmium,  839 

palladium,  835 

platinum,  827 

— a test  for  potassa, 

573 

— action  of,  on  alcohol, 

1078 

phosphorus,  446 

— action  of  ammonia 

on,  448 

of  potassium,  541 

rhodium,  837 

selenium,  456 

silieium,  85G 

silver,  802 

— its  absorption  of 

ammoniacal  gas,  803 

decomposition  by 

alkalies,  803 

by  combusti- 
bles, 803 

by  light,  803 

by  metals,  803 

insolubility,  803 

its  solution  in  am- 
monia, 803 

specific  gravitv, 

803 

soda,  574 

its  uses  as  a disin- 
fectant, 574 

sodium,  573 

its  crystals,  573 

decomposition, 

57d 

decrepitation, 

573 

solubility,  573 

strontium,  615 

its  solution  in  alcohol, 

615 

sulphur,  432 

tellurium,  743 

thorinum,  847 

tin,  6 76 

titanium,  738 

tungsten,  780 

uranium,  733 

vanadium,  777 

yttrium,  846 

zinc,  669 

zirconium,  844 

Chlorides,  action  of  light  on, 
184 

metallic,  their  forma- 
tion, 362,  524 

solubility  of  corrosive 

sublimate  increased  by, 
790 


Chlorine,  331 

charcoal,  intensely  ig- 
nited in,  332 

combustion  supported 

by,  333 

combustion  of  phosphu- 

retted  hydrogen  in,  451 

condensed  by  cold  and 

pressure,  332 

derivation  of  its  name, 

331 

evolved  from  common 

salt  by  electricity,  280 

fumigation  by,  333 

hydrogen  burned  in, 361 

injurious  to  life,  333 

mode  of  experimenting 

with,  333 

oxymuriatic  acid  of  the 

French  chemists,  331 
— — peroxide  of,  condensed 
into  the  liquid  state  by 
Faraday,  338 

vapour  destroys  conta- 
gion, 333 

its  action  on  alcohol, 

1105 

: aloes,  923 

antimony,  333 

* carbonic  oxide, 

466 


copper,  333 

fixed  oils,  953 

gum,  895 

hydrocarbons, 

485 


metals,  524 

napthaline,  493 

olefiant  gas,  485 

oxalic  acid,  998 

wood,  919 

— aqueous  solution, 
333 

decomposed  by 

light,  333 

— bisulphuret,  433 

— bleaching  power, 
334,  919 

— cyanuret,  502 

— discovery,  331 

— disinfecting  power, 
333 

— evolution  from  mu- 
riatic acid,  365 

— hydrate,  331 

— hydro  carburet,  485 

— oxides,  specific  gra- 
vity of,  335,  337 

— peroxide  apparatus 
for  obtaining,  337,  note 

composition  of, 

338 


properties  of,  337 

presence  in  aqua- 

regia,  or  nitro-muriatic 
acid,  388 


Chlorine,  its  presence  detect- 
ed, 334 

— protoxide,  334,  335 

composition  of, 

335 

explosive  nature 

of,  335 

solution,  332 

affected  by  light, 

333 

destroys  conta- 
gious matter,  333 

. sources,  331 

specific  gravity,  332 

union  with  ammonia, 

396 

bromine,  346 

carbon,  477 

cyanogen,  502 

hydrogen,  360 

iodine,  343 

nitrogen,  389 

oxygen,  334 

phosphorus,  446 

selenium,  456 

• — sulphur,  432 

uses  in  calico-print- 
ing, 935,  note 
Chloriodic  acid,  343 
Chlorionic  acid,  344 
Chlorite  of  lime,  595 

soda,  574 

Clilorocarbonate  of  ammonia, 
466 

Chlorocarbonic  acid,  466 

ether,  1 1 02 

Chlorochromic  acid,  773,  n. 
Chlorocyanic  acid,  502 
Chloroform,  1106 
Chloronitrous  gas,  379 
Chlorophane,  its  phosphores- 
cence, 200 

Chlorous  acid,  its  specific 
gravity,  337 

Choak-damp  of  mines,  56, 
472 

Cholera,  state  of  the  blood  in, 

1149 

Cholesterine,  1160,  1162 
Chromate  of  ammonia,  769 

antimony,  772 

baryta,  771 

bismuth,  772 

cadmium,  771 

cobalt,  771 

copper,  771 

iron,  766,  771 

lead,  771,  772 

lime,  771 

lithia,  770 

« magnesia,  771 

manganese,  771 

mercury,  766,  798 

molybdenum,  772 

nickel,  771 

potassa,  767,  769 
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Chromate  of  potassa,  its  crys- 
tals, 769 

— preparation  and 

properties,  769 

• solubility,  769 

— sp.  gravity,  769 

silver,  911 

soda,  770 

strontia,  771 

tin,  771 

uranium,  772 

zinc,  771 

Chrome,  colours  glass,  868 
Chromic  acid,  its  prepara- 
tion, 768 

Chromite  of  iron,  769  and  771 
Chromium,  7 66 

its  alloys,  775 

ammonio  sulphate, 

774 

bromide,  779 

carbonate,  775 

— chloride,  779 

compounds,  action  of 

the  blowpipe  on,  775 

deutoxide,  767 

dicliromate,  768 

fluoride,  779 

iodide,  773 

name,  derivation  of, 

7 66 

nitrate,  774 

oxalate,  1004 

— oxides,  7 66 

perchloride,  773 

perfluoride,  773 

peroxide,  chromic 

acid,  768 

phosphate,  775 

— phosphuret,  775 

potassa-sulpliate,774 

preparation,  7 66 

protoxide,  7 66 

sesquichloride,  773 

sesquioxide,  7 66 

sources,  766 

specific  gravity,  766 

sulphate,  774 

sulphite,  774 

sulphuret,  774 

terchloride,  773 

terfluoride,  773 

Chromo -sulphate  of  potassa, 

775 

Christison  on  the  poisonous 
nature  of  carbonic  acid 
gas,  471 

Chronometers,  rate  of,  af- 
fected by  heat,  127 
Chrysocolla,  587,  706 
Chrysolite,  629,  860 
Chrysoprase,  855,  note 
Chyazic  acid,  ferruretted,  654 

sulphuretted,  507 

Chyle,  1193 
coagulum  of,  1195 


Chyle,  serum  of,  1195 
Chyme,  1194 
Cichorium  intibus , 1050 
Cinnabar,  794 
Cinchona  cor  difolia,  1052 

lancifolia , 1052 

oblongifolia,  1052 

Cinchonate  of  copper,  1031 

lead,  1031 

lime,  1031 

silver,  1031 

Cinchonates  or  quinates,  103 1 
Cinch onia,  its  acetate,  1025 

arseniate,  1025 

carbonate,  1026 

chlorate,  1025 

dimuriate,  1025 

disulphate,  1025 

gallate,  1025 

iodate,  1025 

muriate,  1025 

nitrate,  1025 

oxalate,  1025 

sources  and  proper- 
ties, 1023 

submuriate,  1025 

— subsulphate,  1025 

sulphate,  1024 

— ultimate  analysis, 

1024 

contains  nitrogen,  1024 

Cinchonic  acid,  1030 
Cinchonine,  1023 
Cinnabar,  artificial,  794 

native,  795 

Cinnamon  bark,  1052 

oil  of,  971 

Circle  galvanic,  simple,  262 

compound,  268 

Circular  magnetic  coil,  313 
Citrene,  970 

muriate  of,  970 

Citric  acid,  1006 

anhydrous,  1006 

its  crystals,  1006 

manufacture,  1006 

sources  and  proper- 
ties, 1006 

ultimate  elements, 

892,  1007 

Citrate  of  ammonia,  1007 

antimony,  1009 

baryta,  1008 

bismuth,  1009 

cobalt,  1009 

copper,  1008 

iron,  1008 

lead,  1009 

lime,  1008 

lithia,  1008 

magnesia,  1008 

manganese,  1008 

mercury,  1009 

nickel,  1009 

potassa,  1007 

silver,  1009 


Citrate  of  soda,  1008 
— — strontia,  1008 

tin,  1008 

uranium,  1009 

zinc,  1008 

Citrates,  1007 
Citric  ether,  1105 
Citrus  aurantium  and  medica , 
Citronyle,  970  [1059 

Citryle,  970 

Cisterns  for  water,  remarks 
on,  711,  note 
Civet,  1190 

Clark,  Dr.,  on  the  hot-air 
blast  in  iron  furnaces, 
662,  note 

on  hydrocyanic  acid, 506 

pyrophosplioric  acid, 445 

Clay,  varieties  of,  861,  note 

— marly,  861,  note 

— pipe,  861,  note 

— porcelain,  861,  note 

— potter’s,  861,  note 

— use  of,  in  sugar-refining, 

901 

— crucibles,  863 

— lutes,  863 

— iron-stone,  642 

— pyrometer,  140 
Claying,  process  of,  in  sugar- 
refining, 901 

Cleavage  of  crystals,  114 
Clematis , 1054 
Clement  and  Desormes  on 
specific  heat,  150 

on  carbonic  oxide,  465 

Clift  on  calculi,  1190 
Clocks  and  watches,  their 
rate,  how  influenced,  127 
Clorophane,  its  phosphores- 
cence, 596 

Clothing,  remarks  on,  195 

retention  of  heat  by,  143 

Clouds,  electrical,  247 

formation  of,  159 

influence  of,  on  the  de- 
position of  dew,  202 
Cloves,  1058 

oil  of,  971 

Clyssus,  of  nitre,  551 
Coagulable  lymph,  1142 
Coagulation  of  blood,  1136 
Coagulum  of  blood,  1136 

chyle,  1195 

Coal,  its  varieties,  983 

— black,  983 

— brown,  983 

— caking,  983 

— cannel,  983 

— cherry,  983 

— glance,  463,  983 

— pit,  982 

— splintery,  983 

— ammonia  obtained  from, 

983 

— combustion  of,  207 
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Coal,  destructive  distillation 
of,  495,  499 

table  of,  499 

— gas,  495 

— — apparatus  for,  495 

— — charcoal  from,  402 

— — contamination  of  with 

sulphuretted  hydrogen, 
495,  note , 509 

— — impure,  evolves  sul- 
phurous acid  during 
combustion,  495,  note 

— — intensity  of  its  light 

compared  with  candles, 
499 

obtained  by  Hales, 

48 

properties  of,  495 

purification  of,  495, 

and  note 

— • — quantity  of  produced 

from  coal,  496 

— — steel  made  from  iron 

by,  462 

— mines,  blowers  of,  481 

— mines,  fire-damp  of,  96, 

209,  481 

— naphtha,  491 

— oil,  491 

— smoke  a disinfectant, 

1 1 35,  note 

— tar,  984 
Cobalt,  683 

discovery  of,  683 

colours  glass,  868 

peach-blossom,  751 

pure,  how  obtained, 

684 

its  acetate,  1119 

alloys,  688 

alloy  with  gold,  820 

platinum,  832 

• — ammonio  carbonate, 

687 

ammoniuret,  685 

* — ammoniosulphate, 

687 

arseniate,  751 

benzoate,  976 

bisulphate,  686 

bisulpliuret,  686 

— borate,  688 

bromide,  685 

carbonate,  687 

chloride,  685 

chromate,  771 

— citrate,  1009 

— cyanuret,  687 

ferrocyanuret,  687 

— fluoride,  685 

hydrosulphuretted 

oxide,  687 

— hypopliospliite,  687 

hyposulphate,  686 

— hyposulphite,  686 

iodide,  685 


Cobalt,  its  magnetic  property, 
684 

— molybdate,  782 

name,  derivation  of, 

683,  note 

— native  combinations, 

683 

nitrate,  685 

ores,  683 

oxalate,  1003 

— oxide,  684 

•, ammoniated,  685 

impure,  684 

• — oxides  hydrated,  684 

peroxide,  684 

phosphite,  687 

— phosphate,  687 

— phosphuret,  687 

potassa  - sulphate, 

687 

— properties  examined 

by  chemists,  683 

protoxide,  684 

salts,  their  general 

characters,  688 

— sesquioxide,  684 

sesquisulphuret,  686 

silico-fiuoride,  858 

solutions,  colour  of, 

685,  686 

specific  gravity,  684 

— sulphate,  686 

anhydrous,  686 

crystallized,  686 

— sulphite,  686 

sulphocyanuret,  688 

— sulphuret,  686 

tartrate,  996 

glance,  683 

Cobaltate  of  ammonia,  685 
Cobaltic  acid,  686 
Cobaltocyanuret  of  potas- 
sium, 687 
Coccinellin,  939 
Cocoa-nut  oil,  957 
Cochineal,  939 

fat  of,  1189 

Cochlearia  armoracia , 1 050 

officinalis , 1056 

Codeia,  1016,  1018 
< its  preparation  and  pro- 
perties, 1018 

Coffea  arabica,  1043,  1059 
Coffee,  active  principle  of, 
1043 

bitter,  1043 

roasted,  1044 

— best  method  of  mak- 
ing, 1045 

■ — flavour  of,  1045 

Cohesion,  attraction  of,  105 
its  influence  over  che- 
mical attraction,  211 
Coil,  circular  magnetic,  313 
— magnetic,  De  La  Rive’s, 
313 


Coinage,  gold,  820,  and  note 

silver,  812 

Coindet  on  burnt  sponge, 
340,  note 

Coisier,  first  saw  electric  fire 
drawn  from  the  hea- 
vens, 248 
Coke,  463 

Colchicum,  autumnale , 1035, 
1050 

extract  of,  1050 

Colcotliar,  19,  647 

of  vitriol,  19,  641 

Cold,  artificial,  57,  153 

— expansion  of  water  by, 

43,  129 

— intense  of  the  arctic  re- 

gions, 147 

- — natural  intense,  147 

— produced  by  evapora- 

tion, 167 

— — the  evaporation  of 

bisulpliuret  of  carbon, 
508 

— — evaporation  of  liquid 

carbonic  acid  and  ether, 

471 

sulphurous  acid, 

420 

— — expansion  of  air, 

151 

liquefaction,  57,  153 

— ..radiation  of,  1 89 

— reflection  of,  189 

— blowpipe,  471 

— drawn  castor  oil,  954 

— short  iron,  649 
Coleman  on  the  manufacture 

of  gunpowder,  553 
Colin  and  Gualtier  de 
Claubry  discover  the 
action  of  iodine  on 
starch,  341 

Colladon  and  Sturm  on  the 
compression  of  water, 
357 

Colocyntli,  1059 
Colocyntin,  1045 
Colophonic  acid,  978 
Colophony,  978 
Coloquintida  pith,  active 
principle  of,  1045 
Colorific  rays  of  light,  182 
Colostrum,  1151,  note 
Colour,  changeable,  of  man- 
ganesic  solutions,  634 

change  of  by  chemical 

action,  213 

of  metallic  precipitates 

resorted  to  as  qualita- 
tive tests,  530 

of  wines,  1070 

Coloured  diamonds,  458 

extractive  matter,  923 

flame,  206,  511,  589, 

605,  614,  616 
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Colouring-matter,  its  attrac- 
tion for  alumina,  849 

of  the  blood,  1144 

of  flowers,  942 

— fruits,  943 

matters  of  vegetables, 

933 

Colours  affected  by  mono- 
chromatic light,  209, 
note 

adjective,  934,  note 

substantive,  934,  note 

of  solar  light,  182 

steel  referable  to  its 

oxidation,  666,  note 

theory  of,  182 

for  glass,  808 

for  painting  porcelain, 

862 

Colsa  oil,  956 

Columbate  of  ammonia,  763 

baryta,  783 

lime,  783 

potassa,  783 

silver,  8 1 1 

soda,  783 

Columbic  acid,  782 

hydrated,  783 

Columbia,  1047  note 
Columbite,  782 
Columbium,  102 

its  chloride,  783 

fluoride,  783 

oxalate,  1004 

oxides,  782 

potasso-fluoride,  782 

preparation,  782 

sources,  781 

■ — sulphuret,  784 

— tercliloride,  783 

tersulpliuret,  784 

Columbo,  1050 

extract  of,  1050 

Columbo  fluorides,  784 
Column,  electrical,  261 , n.  ib. 
Combined  heat,  152 
Combinations,  galvanic,  Da- 
vy’s, 93 

Combustible  bodies,  simple, 
318 

Combustibles,  inflamed  by 
electricity,  243 
common,  evolve  carbo- 
nic acid  when  burnt, 
473 

simple,  318 

Combustibility  of  the  dia- 
mond first  suspected  by 
Newton,  467 

Combustion,  affected  by  gases 
in  air,  416 

— steam,  416 

air  spoiled  by,  purified, 

65 

alchymical  notion  of,  31 

consumes  oxygen,  204 


Combustion,  history  of  the 
theory  of,  30 

Hooke’s  theory  of,  32 

increases  the  weight  of 

bodies,  31 

Lavoisier  on,  89 

nature  of,  204 

products  of,  205,  207 

slow,  products  of,  207 

— of  phosphorus,  440 

spontaneous,  of  cotton 

goods,  952 

pliosphuretted  hy- 
drogen, 450 

Stahl’s  hypothesis  of, 34, 

and  note  330 

■ supported  by  oxygen, 

204 

supporters  of,  318 

temperature  of,  204 

under  water,  544 

of  alcohol,  1077 

— — diamond,  87,  467 

ether,  1085 

gunpowder,  553 

— under  water,  554 

iron  in  air,  639 

— oxygen,  329,  640 

metals  by  electricity, 

270 

olefiant  gas  and  chlorine, 

485 

phosphorus  in  oxygen, 

silver,  801  [329 

sulphur  in  oxygen,  329 

wood,  920 

zinc,  668 

Common  salt,  573 

a compound  of  chlorine 

and  sodium,  362  note 

a source  of  muriatic 

acid,  362  note 

its  commercial  varie- 
ties, 574 

crystals,  108 

decomposition  by 

sulphuric  acid,  578 

uses,  574 

Compact  fluor,  596 
limestone  for  lime-burn- 
ing, 604 

Comparative  view  of  the 
phlogistic  and  antiphlo- 
gistic theories,  by  Hig- 
gins, 40 

Compensation-bars,  128 

pendulum,  128 

Complex  affinity,  215 
Composition,  attraction  of, 

211 

candles,  1186 

chemical,  indicated  by 

crystalline  character, 
113,  122 

remarkable,  of  sulplio- 

sinapic  acid,  956,  note 


Composition  of  water,  80 
the  atmosphere  uni- 
form, 80 

Compound  bar  of  steel  and 
brass,  its  expansion,  127 

galvanic  circles,  264 

substances,  319 

Compressibility  of  water,  357 
Compression  causes  the  union 
of  hydrogen  and  oxy- 
gen, 352 

evolves  heat,  150 

evolves  light  from  oxy- 
gen, 329 

renders  water  luminous, 

357 

Concrete  oils,  957 
Concretions,  alvine,  1190 
Condensation  changes  capa- 
city for  heat,  150 

of  alcohol  and  water  by 

mixture,  151 

gases  into  liquids  by 

cold  and  pressure,  viz. 

ammonia,  392 

carbonic  acid  gas,  470 

chlorine,  332 

cyanogen,  499 

— — ■ muriatic  acid  gas,  362 

nitrous  oxide,  376 

peroxide  of  chlorine, 338 

sulphuretted  hydrogen, 

433 

sulphurous  acid,  420 

Condensed  air,  ignition  in, 
417 

Condenser,  electrical,  245 

steam,  Watt’s,  172 

Condensing  engine,  Watt’s, 
172 

vessel,  in  gas-works, 495 

Conducting  power,  electrical, 
225 

for  heat,  142 

essential  to  electro-che- 
mical decomposition, 
285 

Conduction  of  heat,  142,  145 

— by  gases,  145 

— liquids,  144 

— solids,  142 

influenced  by  texture, 

143 

Conductors  of  electricity,  225 

heat,  142 

lightning,  249,  and  note 

ibid,  250 

for  buildings,  249 

— — — Franklin’s,  250 

— iron  pipes  serve  as, 

249  note 

for  ships,  250 

— Harris’s,  250 

Congelation,  Dr.  Black  on, 56 

Dr.  Ure’s  table  of,  156 

artificial,  167,  170 
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Congelation  evolves  heat,  57, 

154 

of  water  by  cold,  35G 

Conia,  its  preparation  and 
properties,  1039 
Conical  form  of  flame,  206 
Comum  maculatum , 1056 
Connecting  wire  of  the  bat- 
tery  becomes  magnetic, 
311 

Consolation  of  Navigators , 
Glauber’s,  27 

Constant  V oltaic  battery,  294 
Constituents  of  vegetable  bo- 
dies, table  of,  891 
Construction  of  thermome- 
ters, 137 

Contact  of  metals  prevents 
corrosion,  281 

produces  electricity, 

258 

Contagious  matter,  1134 

destroyed  by  chlorine, 

333 

Convolvulus  jalappa,  1050 
Convolvulus  turpethum , 796 
Cooking,  remarks  on,  1184 
Cooling  extinguishes  flame, 
208 

processes,  59 

rate  of,  in  air,  196 

in  vacuo,  196 

vessels,  59 

Cooper’s  alloy  of  platinum, 
832 

on  nitrate  of  strontia, 

616 

sulphate  of  potassa  and 

nickel,  691 
Copal,  977,  note 

— solution  of  in  alcohol, 

977,  note 
Copivi,  971 

Copley,  Sir  Godfrey,  68 
Copper,  69 6 

— action  of  sea-water  on, 

283 

sulphur  on,  211 

— azure,  706 

— bean-shot,  703 

— bronzing  by,  697 

— colours  glass,  868 

— emerald,  706,  860 

— false,  688 

— feathered-shot,  703 

— japan,  703 

— mines,  waters  of,  704 

— native,  696 

— ore,  yellow,  702 

— ores,  reduction  of,  702 

— poling  of,  702 

— protected  from  the  ac- 

tion of  sea-water,  283 

— pyrites,  702 

— pyrophoric,  1119 

— rosin  of,  699 


Copper,  ruby,  698 

— shavings,  use  of  in  orga- 

nic analysis,  884 

— sheathing  of  ships,  260,  ' 

282 

protectors  for,  260, 

282 

— tests  for,  977,  note 

— tincture  of  guaiacum,  a 

test  for,  977,  note 

— tinned,  709 

— variegated,  702 

— vitreous,  701 

— white,  693 

— its  acetate,  1119 

— — alchymical  name  and 

symbol,  696 
amalgam,  799 

— — ammonia-sulphate, 

704 

ammonio-nitrate,  701 

— — ammoniuret,  701 

— — alloy  with  gold,  533, 

820,  and  note  ibid. 

— — — silver,  812 
alloys,  709 

— — arseniate,  750 

benzoate,  976 

bitartrate,  995 

— — borate,  706 

— — bromide,  700 
butyrate,  1154 

— — carbazotate,  949 

— — carbonate,  705 
anhydrous,  706 

—  native  hydrous, 

706 

chlorate,  700 

chlorides,  699 

— — chloride,  hydrated, 

700 

chromate,  771 

— — cinchonate,  1031 

— — citrate,  1008 

combustion,  696 

cyanuret,  707 

— — deutoxide,  698 
diacetate,  1120 

— — dicarbonate,  hydra- 

ted, 705 

dichloride,  699 

—  hydrated,  699 

dicyanuret,  707 

— — difluoride,  700 

— — dioxide,  697 
diselenite,  705 

— — disulphocyanuret,707 
disuiphuret,  701 

— — ferrocyanuret,  707 
ferrosulphuret,  702 

— — fluoride,  700 

— — formiate,  1013 

— — fusing-point,  696 

— — .habitudes  before  the 

blowpipe,  710 

— — hyposulphate,  703 


Copper,  its  hyposulphite,  703 

iodate,  700 

iodide,  700 

indigotate,  951 

— — metallic  precipita- 

tion, 709 

molybdate,  763 

muriate,  700 

— — name,  derivation  of, 

696 

— — nitrate,  700 

— — oleate,  964 

ores,  696 

oxalate,  1002 

— with  ammonia, 

1002 

potassa,  1003 

soda,  1003 

oxides,  697 

— oxide,  hydrated,  700 

— — — native,  698 

phosphuret,  705 

pinate,  978 

poisonous  nature,  710 

— — potassa-sulphate,  705 
presence  detected, 

170 

— — protoxide,  698 

— — salts,  general  charac- 

ters of,  709 

— — selenite,  705 

— — seleniuret,  705 

— — silicate,  860 

— — silico  fluoride,  858 

— — specific  gravity,  6 96 

— — subacetate,  1120 

— — subhyposulphate,  703 

submuriate,  699 

native,  699 

subnitrate,  700 

— — suboxide,  697 

— — subperarseniate  hy- 

drated, 750 

— — subphosphate,  hydra- 
ted, 705 

— — subsesquiacetate, 

1120 

subsuccinate,  981 

— — succinate,  981 

— — sulphocyanuret,  707 

sulphate,  703 

— anhydrous  crystal- 
lized, 704 

prevents  dry  rot, 

704 

uses  of,  704 

—  with  ammonia,  704 

potassa,  705 

sulphite,  703 

potassa,  703 

sulphovinate,  1096 

sulphuret,  702 

— — tartrate,  995 

—  with  potassa,  995 

trisacetate,  1121 

— — trisulphate,  704 
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Copperas,  647 

Coppering  ships’  bottoms, 283 

protectors  for,  283 

Corals,  1192 
Coriol  on  brucia,  1032 
f — strychnia,  1 032 
Cork,  958 
— acid  of,  1013 
Corn-poppy,  petals  of,  action 
of  re-agents  on,  942 
Corrections  for  aqueous  va- 
pour, pressure,  and  tem- 
perature, of  gases,  404  n. 
Corrosion  of  copper  by  sea- 
water, 283 

Corrosive  sublimate,  786,  789 

albumen  an  antidote 

for,  1142 

its  composition,  789 

crystals,  111 

decomposition  by  al- 
kalies, 790 

preparation,  789 

solubility,  789 

increased  by  chlo- 
rides, 790 

increased  by  mu- 
riate of  ammonia,  790 

specific  gravity,  789 

Cortical  layers  of  plants,  871 
Corundum,  850 
Corydalia,  its  preparation  and 
properties,  1040 
Cotton  goods,  spontaneous 
combustion  of,  952 
Cotyledons  of  seeds,  869 
Couerbe  on  delphia,  1040 

sabadilline,  1036 

staphasain,  1040 

thebaia,  1020 

veratria,  1036 

Coulomb  on  electricity,  221, 
note 

Coulomb’s  electrometer,  230 
Couronne  des  tasses , 265 
Courtois  discovers  iodide  of 
nitrogen,  391 

discovers  iodine,  339 

Cow’s  milk,  1151 
Crameria  triandria , 1050 
Crassamentum  of  the  blood, 
1136,  1142 

Crawford  on  strontia,  615 
Cream,  composition  of,  1151 

of  lime,  592 

tartar,  991 

Creosote,  see  Kreosote 
Cressy,  battle  of,  artillery 
used  at,  7 

Crichton  on  maximum  den- 
sity of  water,  129,  n. 
Crocus  martis,  641 

metallorum , 724 

sativus , 942,  1058 

Croconate  of  potassa,  537,  n. 
Croconic  acid,  464,  n.  537 


Crollius  Oswald,  22 

describes  calomel,  22 

Cronstedt  discovers  nickel, 
688 

Cross-stone,  614,  note 
Croton  cascarilla 1052  m 

tiglium , 1059 

Crotonic  acid,  955 
Croton  oil,  955 
Croune,  Dr.,  on  the  anoma- 
lous expansion  of  water, 
44 

CroAvn -glass,  867 
Crucibles  for  the  fusion  of 
gold,  863 

— of  silver,  863 

black-lead,  863 

clay,  863 

Hessian,  863 

iron,  863 

platinum,  precautions 

regarding  their  em- 
ployment, 833 
— — plumbago,  863 
Crude  nitre,  purification  of, 
549 

— tartar,  purification  of, 99 1 
Cruickshank  on  carbonic 

oxide,  465 

the  products  of  the  com- 
bustion of  gunpowder, 
552 

Crum  on  the  action  of  sul- 
phuric acid  upon  in- 
digo, 944 

— on  indigo,  946 

— sugar,  904 
Cryolite,  850 

Cryophorus,  Wollaston’s,  169 
Crystalline  texture  altered 
by  heat,  107,  note 
Crystallization,  107 

Brooke  on,  119 

Daniell  on,  121 

Graham  on,  112 

Hafiy  on,  118 

Mitscherlicli  on,  106 

Mohs  on,  120 

Ure  on,  120 

Whewell  on,  120 

hastened,  113 

indicates  composition, 

113 

influenced  by  the  air, 

112 

light,  112 

in  vacuo,  111 

instantaneous,  112 

laws  of,  105 

of  bismuth,  517 

camphor,  111 

of  metals,  517 

sulphur,  110 

tin-plate,  110 

water,  111 

point  of,  indicated,  109 


Crystallization  retarded,  113 

requisites  for,  107 

separation  of  salts  by, 

111 

spherical  theory  of,  120 

sudden,  evolves  heat, 

156 

theory  of,  114,  120 

uses  of  in  the  arts,  113 

water  of,  109,  357 

Crystallography,  theory  of, 

114 

uses  of  in  the  arts,  113 

Crystals,  107 

affected  by  hydrocar- 
bons, 113 

•  light,  112 

angles  of,  measured,  115 

• — and  edges  truncated, 

108 

anhydrous,  109 

by  dissection,  121 

fusion,  110 

solution,  108 

spontaneous  evapora- 
tion, 109 

sublimation,  111 

cleavage  of,  114 

deliquescence  of,  109 

decrepitation  of,  109 

dissected,  107,  114,  121 

of  fluor-spar,  114 

— calcareous  spar,  115 

efflorescence  of,  109 

gigantic,  obtained,  110 

influenced  by  media  de- 
positing them,  113 

integral  elements  of,  1 1 8 

isomorplious,  107 

. mother-liquor  of,  113 

nuclei  for,  111 

permanent,  109 

preservation  of,  109 

primitive  ;forms  of,  118 

regularity  of,  109 

•  secondary  forms  of,  118 

structure  of,  114 

superficial  fracture  of, 

109,  note 

truncated  angles  of,  108 

— edges  of,  108 

Crystals  of  acetate  of  baryta, 

1117 

of  cadmium,  1119 

— cinchonia,  1025 

copper,  1119 

lead,  1121 

lime,  1117 

— magnesia,  1118 

— manganese,  1118 

quinia,  1029 

— soda,  1117 

strontia,  1118 

— uranium,  1123 

alizarine,  936 

allantoic  acid,  1165 
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Crystals  of  alum,  851 

ammonio  - chloride  of 

magnesium,  022 
muriate  of  manga- 
nese, 636 

nitrate  of  magnesia, 

622 

oxalate  of  potassa, 

1000 


— persulphate  of  iron, 
648 


— phosphate  of  mag- 
nesia, 625 


soda,  583 

— sulphate  of  mag- 
nesia, 624 

manganese,  638 

potassa,  559 

soda,  582 

zinc,  071 

— sulphite  of  magnesia, 


023 


argento-cyanuret  of  po- 
tassium, 809 

arseniate  of  ammonia, 

747 

magnesia,  750 

quinia,  1029 

soda,  748 

strontia,  750 

arsenious  acid,  745 

• asparagin,  1042 

atropia,  1036 

baryta,  606 

benzine,  974 

benzoate  of  ammonia, 

976 

baryta,  9 76 

— bismuth,  976 

lead,  97 6 

magnesia,  976 

manganese,  976 

potassa,  976 

— soda,  976 

zinc,  976 

benzoic  acid,  111,  975 

biborate  of  ammonia, 

512 

bicarbonate  of  ammo- 
nia, 476 

potassa,  567 

soda,  586 

bichromate  of  chloride 

of  potassium,  770 

potassa,  770 

bicitrate  of  baryta, 

1008 

bimalate  of  lime,  1011 

binarseniate  of  ammo- 
nia, 747 

potassa,  748 

soda,  748 

binoxalate  of  baryta, 

1001 

copper,  1002 

potassa,  1000 


Crystals  of  biphosphate  of 
ammonia,  446 

— baryta,  613 

potassa,  561 

soda,  583 

biselenite  of  lime,  602 

potassa,  561 

bismuth,  799 

bisulphate  of  cobalt,  68 7 

potassa,  558 

soda,  581 

bisulphuret  of  mercury, 

795 

bitartrate  of  baryta,  994 

potassa,  992 

boletic  acid,  1014 

boracic  acid,  511 

borate  of  ammonia,  511 

— magnesia,  628 

mercury,  798 

potassa,  570 

soda,  587 

borofluoride  of  barium, 

614 

potassium,  570 

sodium,  587 

bromate  of  baryta,  608 

potassa,  547 

bromide  of  antimony, 

723 

barium,  608 

benzule,  973 

carbon,  480 

potassium,  547 

sodium,  575 

brucia,  1034 

camphor,  111 

butyrate  of  ammonia, 

1153 

— baryta,  1153 

— copper,  1154 

— lead,  1153 

— lime,  1153 

caffein,  1044 

camphoric  acid,  969 

capric  acid,  1154 

caproate  of  baryta,  1154 

• — lime,  1154 

carbazotate  of  ammonia, 

948 

— baryta,  949 

copper,  949 

lime,  949 

magnesia,  949, 

potassa,  948 

silver,  949 

— soda,  948 

carbon,  459 

carbonate  of  baryta,  613 

of  copper  (pseudo), 

706 

lead,  719 

— lime,  603 

magnesia,  627 

potassa,  562 

and  magnesia,  628 


Crystals  of  carbonate  of  soda, 
584 

strontia,  619 

zinc  (pseudo),  672 

chlorate  of  baryta,  607 

— cinchonia,  1025 

lead,  714 

potassa,  542 

— quinia,  1029 

— silver,  804 

— soda,  575 

zinc,  670 

chloride  of  barium,  607 

• — cadmium,  681 

— calcium,  593 

carbon,  477 

— cobalt,  685 

• — lead,  713 

— lithium,  589 

magnesium,  621 

— manganese,  635 

naphthalin,  493 

sodium,  108,  573 

— strontium,  615 

— zinc,  669 

chromate  of  lithia,  770 

— lime,  771 

potassa,  769 

soda,  770 

chromosulphate  of  po- 
tassa, 775 

cinchonate  of  lime,  1031 

citrate  of  ammonia,  1007 

manganese,  1008 

soda,  1008 

citric  acid,  1006 

cobaltocyanuret  of  po- 
tassium, 687 

codeia,  1018 

common  salt,  108 

corrosive  sublimate, 789 

cuprocyanuret  of  potas- 
sium, *707 

cyanate  of  baryta,  614 

of  potassa,  569 

soda,  587 

cyanuret  of  bromine,  504 

— iodine,  503 

platinum  and  potas- 
sium, 831 

cyanuric  acid,  1170,  n. 

daphnin,  1043 

daturia,  1037 

dichloride  of  carbon, 478 

dimuriate  of  cinchonia, 

1025 

dinitrate  of  lead,  715 

disulphate  of  quinia, 

1027 

ferrocyanate  of  ammo- 
nia, 0o4 

— barium,  655 

— calcium,  655 

— magnesium,  655 

sodium,  655 

— strontium,  655 
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Crystals  of  ferrocyanuret  of 
potassium,  051 

ferrosesquicyanuret  of 

potassium,  055 
ferrosulphuret  of  cop- 
per, 702 

fluoride  of  calcium,  590 

— cobalt,  085 

— iron,  044 

— lithium,  589 

— nickel,  090 

— potassium,  547 

— sodium,  575 

tin,  077 

formiate  of  copper,  1013 

lead,  1013 

fulminate  of  potassa,  81 1 

*  gentianin,  1047 

gold,  814,  817 

of  hydrate  of  baryta, 

GOO 

— chlorine,  331 

lime,  592 

potassa,  539 

• — soda,  572 

of  hydrated  carbonate 

of  magnesia,  027 

liydriodate  of  ammonia, 

398 

■  lime,  595 

hydriodide  of  carbon, 

480 

liydrobromate  of  am- 
monia, 398 

liydrofluateof  ammonia, 

398 

hydrosulphuret  of  am- 
monia, 435 

— lime,  597 

— soda,  577 

• — strontium,  017  % 

liydroxanthic  acid,  509 

hyponitrite  of  ammonia, 

398 

hypophosphite  of  soda, 

582 

baryta,  009 

lime,  598 

hyposulphate  of  baryta, 

010 

— cerium,  741 

— copper,  703 

— lead,  710 

— lime,  598 

— magnesia,  023 

— potassa,  557 

— protoxide  of  iron, 

040 

— silver,  808 

*  soda,  577 

strontia,  017 

soda,  577 

*  strontia,  017 

hyposulphite  of  lime, 

598 

■  magnesia,  025 
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Crystals  of  hyposulphite  of 
potassa,  557 

indigotate  of  baryta, 950 

silver,  951 

iodate  of  ammonia,  398 

cinchonia,  1025 

lime,  595 

potassa,  547 

quinia,  1029 

soda,  575 

— — - iodide  of  barium,  007 

benzule,  973 

bromine,  340 

cadmium,  081 

carbon,  479 

lead,  714 

magnesium,  G22 

— potassium,  540 

sodium,  575 

sulphur,  433 

zinc,  070 

iodine,  111,  340 

lactate  of  silver,  1129 

zinc,  1129 

lactic  acid,  1129 

lime,  592 

malate  of  magnesia, 

1011 

manganesate  of  potassa, 

634 

manganesic  acid,  034 

meconic  acid,  1021 

mekilite,  984 

metals,  517 

molybdate  of  ammonia, 

761 

potassa,  762 

soda,  762 

molybdo  - tersulphuret 

of  potassium,  764 

morphia,  1016 

muriate  of  ammonia, 

397 

morphia,  1017 

quinia,  1028 

• veratria,  1036 

naphthaline,  492 

narceia,  1019 

nitrate  of  ammonia,  399 

baryta,  608 

bismuth,  730 

— cadmium,  081 

cinchonia,  1025 

cobalt,  685 

copper,  700 

lead,  714 

lime,  597 

litliia,  589 

magnesia,  022 

manganese,  636 

morphia,  1018 

nickel,  690 

potassa,  550 

silver,  805 

soda,  570 

strontia,  610 


Crystals  of  nitrate  of  urani- 
um, 734 

yttria,  846 

zinc,  070 

oleic  acid,  964 

oxalate  of  ammonia,  999 

copper  and  ammo- 
nia, 1002 

potassa,  1003 

lithia,  1001 

potassa,  1000 

quinia,  1029 

oxalic  acid,  997 

oxide  of  copper,  698 

iron,  042 

manganese,  633 

palladio-cyanuret  of  po- 
tassium, 835 

peracetate  of  mercury, 

1123 

perbromide  of  phospho- 
rus, 448 

tin,  677 

perchlorate  of  potassa, 

545 

perchloride  of  gold,  816 

phosphorus,  447 

— tin,  076 

periodide  of  tin,  677 

permuriate  of  iron,  043 

tin,  077 

pernitrate  of  mercury, 

793 

peroxide  of  tin,  675 

persulphate  of  iron  and 

potassa,  649 

mercury,  795 

uranium,  734 

phosphate  of  ammonia, 

446 

copper,  795 

lead,  71 8 

lime,  600 

magnesia,  025 

potassa,  500 

quinia,  1029 

soda,  583 

phosphite  of  ammonia, 

443 

lime,  600 

magnesia,  625 

soda,  582 

phosphorous  acid,  442 

phospliuret  of  sulphur, 

452 

pi atino- chlorides  gene- 
rally, 830 

— bichloride  of  potas- 
sium, 829 

sodium,  829 

potassa-chloride  of  ura- 
nium, 734 

persulphate  of  ura- 
nium, 734 

sulphate  of  chro- 
mium, 774 
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Crystals  of  potasso-chlorideof 
magnesium,  622 

potasso  - phosphate  of 

soda,  584 

protacetate  of  mercury, 

1128 

protiodide  of  iron,  643 

protocarbazotate  of  mer- 
cury, 949 

protochloride  of  tin,  676 

protouitrate  of  iron,  644 

mercury,  732 

protophosphate  of  iron, 

649 

protosulphate  of  cerium, 

741 

iron,  647 

and  ammonia, 64 8 

potassa,  648 

tin,  679 

uranium,  734 

purpurate  of  ammonia, 

1172 

pyrogallic  acid,  932 

pyrophosphate  of  soda, 

583 

quartz,  855,  note 

salicin,  1041 

sebic  acid,  1186,  note 

seleniate  of  potassa,  561 

seleniocyanuret  of  po- 
tassium, 570 

selenious  acid,  454 

sesquicarbonate  of  po- 
tassa, 568 

silico  fluoride  of  potas- 
sium, 858 

silvic  acid,  978 

snow,  111 

spermaceti,  1 1 87 

strontia,  615 

submuriate  of  copper, 

699 

subsesquiacetate  of  cop- 
per, 1120 

subsulphate  of  cincho- 

nia,  1025 

succinamide,  981 

succinate  of  ammonia, 

980 

lime,  980 

manganese,  981 

potassa,  980 

silver,  981 

soda,  980 

tin,  981 

zinc,  981 

succinic  acid,  980 

sugar,  109,  902 

milk,  1157 

sulphate  of  alumina,  851 

■ and  ammonia,  852 

iron,  853 

potassa,  851 

soda,  852 

ammonia,  430 


Crystals  of  sulphate  of  am- 
monia and  nickel,  691 

antimony,  725 

baryta,  611 

brucia,  1034 

cadmium,  682 

cinchonia,  1024 

— cobalt,  686 

copper,  703 

and  potassa,  705 

— iron  and  nickel,  69 1 

— lime,  598 

— lithia,  589 

— magnesia,  623 

manganese,  637 

morphia,  1017 

nickel,  690 

potassa,  558 

— - and  magnesia,  624 

nickel,  691 

of  quinia,  1027 

— silver,  808 

— soda,  108,  577 

— - — and  magnesia,  625 

strontia,  618 

veratria,  1036 

yttria,  846 

zinc,  671 

and  potassa,  671 

zirconia,  844 

sulphite  of  baryta,  609 

copper,  703 

lime,  598 

magnesia,  623 

potassa,  557 

soda,  577 

zinc,  671 

sulpliocyanate  of  stron- 
tia, 619 

sulphocyanic  acid,  508 

sulphocyanuret  of  ba- 
rium, 614 

cobalt,.  688 

potassium,  569 

sulphonapthalic  acid, 

494 

sulpliosinapic  acid,  956, 

note 

sulphur,  417 

sulphuret  of  copper,  701 

iron,  645 

— zinc,  670 

sulphuric  acid,  424 

supersulphate  of  mer- 
cury, 795 

tartaric  acid,  990 

tartrate  of  antimony 

and  potassa,  996 

— cobalt,  996 

— lime,  993 

— magnesia,  994 

— potassa,  991 

— — and  ammonia, 992 

copper,  995 

lime,  994 

lithia,  993 


Crystals  of  tartrate  of  potassa 
and  soda,  993 

soda,  992 

and  lithia,  993 

strontia,  994 

them,  1048 

titanium,  735 

trisulphate  of  zinc,  671 

urea,  1169 

verdigris,  1119 

water,  111,  356 

white  arsenic,  740 

zincocyanuret  of  potas- 
sium, 673 
Cubebs,  1061 
Cubic  nitre,  576 

foot  of  water,  its  weight, 

356 

Cucumber,  wild,  active  prin- 
ciple of,  1045 
Cucumbers,  1059 
Cucumis  colocynthis , 1059 

sativus , 1059 

Cudbear,  origin  of  the  name, 
939 

Cullen,  Dr.,  58,  59,  note 
Gullet,  867,  note 
Culm  coal,  463 
C umming  on  thermo-electrics, 
301 

Cupels,  801 

Cupellation,  process  of,  715 
812 

Cuprate  of  ammonia,  701 
Cuprocyanuret  of  potassium, 
707 

Cuprodicyanuret  of  potas- 
sium, 707 
Cuprum , 696 

cimmoniacale , 705 

Curd  of  milk,  1155 
Current,  electrical,  263,  289 

its  retardation,  298 

stereo -electric,  302 

voltaic,  291 

Currents  ascending  and  de- 
scending by  heat,  132 

electro-magnetic,  309 

of  air  in  rooms,  133 

hot  and  cold  in  air,  132 

in  liquids,  131 

Curried  leather,  1183 
Currus  Triumphalis , 18 
Curry -powder,  1049 
Curves,  magnetic,  307 
Cuticle  of  plants,  872 
Cutis  corium,  1180 
Cutting  of  diamonds,  459 
Cyanate  of  baryta,  614 
— lead,  719 

potassa,  501,  560 

silver,  810 

soda,  587 

Cyanic  acid,  500 

its  action  on  metals,  532 

Cyanides,  501,  532 
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Cyanite,  8G1 
Cyanogen,  499 
derivation  of  the  terra, 

499 

gaseous,  its  properties, 

500 

liquid,  499 

its  action  on  metals,  532 

analysis,  500 

its  union  with  ammonia, 

507 

— — bromine,  504 

chlorine,  502 

■ — — hydrogen,  504 

— — iodine,  503 

oxygen,  501 

sodium,  587 

sulphur,  507 

— — sulphur  and  hy- 
drogen, 507 

Cyanuret  of  barium,  013 

benzule,  973 

bismuth,  731 

•  bromine,  504 

calcium,  G05 

•  chlorine,  502 

cobalt,  687 

copper,  707 

iodine,  503 

iron,  651 

lead,  719 

manganese,  G38 

mercury,  499,  796 

nickel,  692 

palladium,  833-835 

platinum,  831 

and  potassium,  831 

potassium,  568 

selenium,  508 

silver,  809 

strontium,  619 

sulphur,  507 

uranium,  735 

zinc,  6 73 

Cyanurets,  double,  501 

metallic,  532 

Cyanuric  acid,  1169,  1170,  n. 
Cyanurin,  1174 
Cyder,  1066 

Cylinder,  electrical  machine, 
232 

Cyncipia , 1040 
Cystic  oxide,  calculi,  1177 
Cytisin , 1046,  note 
Cytisus  laburnum , 1046,  note , 
1059 

Dabit  on  ether,  1089 
Dalibard  and  Delor  on  elec- 
tricity, 248 

Dalton,  aurora  seen  by,  255 

on  air  in  water,  357 

alcohol  vapour,  1072 

anhydrous  soda  in  solu- 
tions of  different  speci- 
fic gravities,  572 


Dalton  on  aqueous  solutions 
of  potassa,  541 

— vapour,  167,  note 

atomic  theory,  41 

attraction,  102 

boiling-point  of  nitric 

acid,  384 

baryta-water,  606 

carbonate  of  magnesia, 

627 

crystals  of  baryta,  606 

definite  proportions,  41 

ether,  1085,  1087 

gaseous  bodies,  350 

hydrate  of  lime,  592 

muriatic  acid,  364,  n. 

strontia,  615 

sulphuric  acid,  427 

vapours,  167,  and  note 

Damascus  steel,  853 

sword-blades,  667 

Damp,  choak,  of  mines,  56, 
472 

— fire  of  mines,  96 

— walls,  reason  of,  202,  n. 
Dana  on  sanyuinaria,  1040 
Dance,  electrical,  237 
Dancing  figures,  electrical, 

237 

Dandelion  root,  1051 

— extract  of,  1051 

Dangerous  situations  during 
thunder-storms,  250 
Daniell  on  aqueous  vapour, 
167,  note 

cast-iron,  664 

crystallization,  107,121 

crystals  of  carbonate  of 

lime,  602 

sugar,  903 

ether,  1085 

flame,  207 

lampic  acid,  1085 

platina,  833 

primitive  forms,  121 

radiant  heat,  192 

resin-gas,  496 

water-barometers,  401 

wrought-iron,  665 

Daniell’s  constant  battery, 
293 

dissected  battery,  293 

hygrometer,  411 

oxy hydrogen  jet,  350 

pyrometer,  140 

Daphne  mezereon , 1052 
Daphnin , 1043 
D’Arcet  on  hydriodic  acid 
gas,  367 

on  succinamide,  981 

Datolite , 511 

Datura  stramonium , 1037, 
1057 

Daturia,  1037 

its  preparation  and  pro- 
perties, 1037 


Daucus  carota , 869,  922, 

1050 

Davy,  E.,  on  chloronitrous 
gas,  379 

fulminic  acid,  798 

gelatine,  1181 

oxide  of  platinum,  827 

•  sulphate  of  platinum, 

831 

sulpliuret  of  nickel,  690 

of  platinum,  830 

— of  zinc,  670 

Davy,  Dr.  J.,  his  memoir  of 
Sir  H.  Davy,  97 
on  chloride  of  anti- 
mony, 722 

bismuth,  729 

copper,  699 

— iron,  642 

- — lead,  713 

— manganese,  635 

— tin,  676 

- — zinc,  66 9 

on  fluoboric  gas,  512 

hydrargo  perchlorides, 

790 

oxide  of  antimony,  721 

lead,  712 

tin,  675 

sulphuret  of  antimonv, 

724 

— lead,  715 

tin,  678 

Davy,  Sir  H.,  historical  no- 
tice of,  93 

memoir  of,  97 — 102 

his  Bakerian  Lectures , 

94 

hiseudiometrical  liquid, 

409 

his  metallic  discoveries, 

94 

his  miners’  safety-lamp, 

96,  208 

his  table  of  liquid  am- 
monia, 393 

— muriatic  acid,  365 

— of  the  average  quan- 
tity of  tannin  in  barks, 
926 

his  theory  of  the  Vol- 
taic pile,  289 

on  acids  of  phosphorus, 

442 

alkaline  bases,  94 

aluminum,  848 

ammonia,  393,  554 

•  and  chloride  of  phos- 

phorus, 448 

aqua  regia,  388 

arsenious  acid,  746 

atomic  numbers,  102 

barium,  606 

bihydroguret  of  carbon, 

482 

boron,  510 
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Davy,  Sir  H.,  on  calcium, 591 

carbonic  oxide,  4G5 

chemical  affinity,  94 

agencies  of  electri- 
city, 272 

rays  of  the  spectrum, 

185 

chloride  of  boron,  512 

— iodine,  344 

• — magnesium,  G21 

nitrogen,  388,  389 

— tellurium,  743 

chlorine,  95,  331 

chi oriodic, acid,  344 

combustion  in  rarefied 

air,  414 

— of  the  diamond,  467 

copper  sheathing,  94, 

260,  282 

cyanuret  of  iodine,  503 

sulphur,  507 

decomposition  of  water, 

94,  273,  278 

deoxidizing  rays  of 

light,  185 

electrical  transfer  of 

elements,  277  and  note 
electrochemical  pheno- 
mena, 94 

euchlorine,  334 

eudiometry,  409 

fire-damp,  481 

flame,  207,  209,  414 

fluoride  of  calcium,  597 

fluorine,  95,  34G,  370 

galvanic  combinations, 

93 

heat,  188 

• hydriodic  acid,  367 

•  liydrophosplioric  gas, 

451 

iodic  acid,  342 

iodine,  95,  339 

•  magnesium,  619 

metallization  of  ammo- 
nia, 554 

mirrors  for  radiation  of 

heat,  189 

muriatic  acid,  95,  361, 

365 

nitrate  of  ammonia,  400 

nitromuriatic  acid,  388 

nitrous  oxide,  375 

nomenclature,  92 

nutritive  matter  in  ve- 
getable food,  922 

oxide  of  chlorine,  334, 

337 

manganese,  631 

oxvgen  and  hydrogen, 

353 

oxymuriatic  acid,  95, 

331 

peroxide  of  chlorine, 

337 

phosphorus  acid,  442 


Davy,  Sir  H.,  on  potassium, 
535 

— and  ammonia,  554 

and  sodium,  95,  278 

protectors  for  ships’ 

copper,  282 

protoxide  of  copper,  698 

quantity  and  intensity 

of  electricity,  272 

radiation,  45,  185,  188, 

194 

safety  lamps,  96,  209 

on  silicon,  or  silicium, 

sodium,  95  [853 

soluble  matters  of  vege- 
tables, 922 
— — strontium,  615 

tannin,  926 

tanning,  1183 

Voltaic  electricity,  93, 

272 

zirconium,  842 

Dead  bodies,  change  of,  into 

adipocere,  1134 
Dead  sea,  its  waters  contain 
bromine  but  no  iodine, 
344 

Death  by  electricity,  243,  249 
— of  Gehlen,  by  arseniuret- 
ted  hydrogen,  753 
— Richman,  by  atmosphe- 
rical electricity,  249 
Decarbonization  of  cast-iron, 
664 

Decomposing  agencies  of 
electricity,  273 

rays  of  light,  185 

Decomposition,  chemical, 
complex,  215 

double,  215 

— simple,  214 

single,  214 

tables  of,  215 

electrical,  273,  296 

electro-chemical,  274, 

285 

of  the  alkalies,  93 

of  water,  94,  273 

polar  chemical,  296 

Voltaic,  215,  273 

of  salts  by  light,  184 

sulphate  of  soda  by 

chalk  and  charcoal,  579 

by  iron  and  charcoal, 

580 

Decrements  of  crystals,  119 
Decrepitation  of  salts  by  heat, 

109 

Definitions  of  chemistry,  1, 
and  note  ibid. 

Definite  electricity,  286 

laws  of  chemical  action, 

211,  216 

proportions,  theory  of, 

40,  216 

— — • — used  by  Dalton,  41 
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Definite  proportions  used  by 
Davy,  102 

Gay  Lussac,  102 

Higgins,  40 

Richter,  40 

Wollaston,  102 

quantity  of  electricity, 

286 

Deflagration,  567 
Deflections  of  the  needle  by 
electro-magnetism,  309 
Degrees,  centigrade,  139 

De  Lisle’s,  139 

Fahrenheit’s,  139 

Reaumur’s,  139 

table  of  their  conversion 

into  each  other,  139 

of  Baume  compared 

with  actual  specific  gra- 
vities, 1076 

De  la  Hire  on  lunar  light, 
204 

Delaroche  on  the  union  of 
hydrogen  and  oxygen  by 
compression,  352 

— and  Berard  on  specific 

heat,  149 

Deliquescence  of  crystals, 

109 

Delphia,  1039,  1059 
Delphinium  staphisagria , 

1059 


De  Lisle’s  thermometer,  139 
De  Luc  on  expansion  by  heat, 


125 


De  Luc’s  column,  261,  n.  ib. 

hygrometer,  411 

Density  affects  capacity  for 
heat,  150 

— refractive  power,  176 

maximum  of  water,  1 30 

of  the  atmosphere,  401 

oil  of  vitriol,  428 

Deoxidizing  rays,  185 
Dephlogisticated  air,  327 
described  by  Priest- 
ley, 63 

marine  acid,  82 

muriatic  acid,  82 

Depolarization  of  light,  181 
Derbyshire  spar,  596 
Derosne  on  narcotina,  1020 
Descartes  on  prolonging  life, 
15 


Descotils  discovers  iridium, 
840 

Desfosses  on  solania,  1037 
Desiccation  of  ammoniacal 
gas,  392 

gases,  328,  392,  406 

Desormes  on  specific  heat, 

150 

Despretz  on  conducting 
power,  143 

Dessaignes  on  luminosity  of 
water,  357 
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Destructive  distillation  of 
animal  matter,  1131 

of  vegetables,  881,  920 

Detonating  bodies  contain 
nitrogen,  390 
oil,  389 

syringe  for  operating 

upon,  389 

tube,  Volta’s,  352 

Detonation  of  chlorate  of  po- 
tassa  with  combustibles, 
543 

— strontia,  616 

chloride  of  nitrogen, 389 

chlorine  and  hydrogen, 

184,  361 

iodide  of  nitrogen,  391 

oxygen  and  hydrogen, 

348,  352 

Deutethionic  acid,  1097 
Deutoxide  of  antimony,  721 

copper,  698 

chromium,  767 

gold,  815 

lead,  712 

manganese,  631 

molybdenum,  760 

tungsten,  778 

vanadium,  77  6 

Dew,  phenomena  of,  201 
Dextrine?  909,  note 
Deyeux  on  pyrogaliic  acid, 932 
Diabetic  sugar,  905,  n.  1175 
Diabolus  metallorum , 819 
Diacetate  of  copper,  1120 

lead,  1122 

Diagram  of  acetous  fermen- 
tation, 1110 

alcohol  vapour,  1080 

ammonia,  392,  394 

atmospheric  411 

bihydroguret  of  carbon, 

482 

bisulphate  of  potassa, 

559 

bisulpliuret  of  potassi- 
um, 556 

carbonate  of  ammonia, 

476 

carbonic  acid,  475,  and 

note 

— oxide,  466,  and  475 

note 

chlorate  of  potassa,  543 

chlorides  of  mercury, 

decomposed  by  lime- 
water,  790 

• chloride  of  nitrogen, 390 

chlorocarbonic  acid, 466 

cyanogen,  500 

etherine,  480,  489 

ether  vapour,  1088 

hydriodic  acid,  368 

hydrobromic  acid,  369 

hydrocarbons,  488, 489, 

492 


Diagram  of  liyponitrous  acid, 
380 

methylene,  1128 

muriate  of  ammonia, 

397 

muriatic  acid,  217,362, 

578 

naphtha  vapour,  492 

nitrate  of  ammonia,  de- 
composed by  heat,  399 

nitric  acid,  384,  559 

— oxide,  378 

nitro-muriatic  acid,  388 

— — nitrous  acid,  381,  426 

— oxide,  377 

olefiant  gas,  484 

perchlorate  of  potassa, 

545 

perchloride  of  mercury, 

789 

protochloride  of  mer- 
cury, 788 

sulphate  of  baryta,  218 

— soda,  578 

sulphocyanuret  of  po- 
tassium, 570 

sulphuret  of  potassium, 

555 

sulphuric  acid,  427 

sulphurous  acid,  426 

water,  217,  357 

Diamond,  458 

brilliant-cut,  459 

combustibility  of,  first 

suspected,  467 

combustion  of,  87,  467 

— apparatus  for,  468 

— in  oxygen,  467 

— produces  carbonic 

acid,  467 

conducts  heat  but  not 

electricity,  459 

converts  iron  into  steel, 

665,  note 

crystalline  form  of,  458 

fracture  of,  458 

identity  of  with  char- 
coal, 458,  467 

non-conductor  of  elec- 
tricity, 226,  459 

primitive  form  of,  458 

products  of  its  combus- 
tion, 467 

refractive  power  of,  459 

specific  gravity  of,  458 

Diamonds,  coloured,  458 

remarkable,  459 

rose-cut,  459 

value  of,  estimated,  459 

when  and  where  dis- 
covered, 458 
Diana,  800 

Diaphoretic  antimony,  722 
Diastase,  917 
Diathermous  bodies,  193 
Diborate  of  potassa,  570 


Dicarbonate  of  copper,  hy- 
drated, 705 

Dicitrate  of  lead,  1009 
Dichloride  of  carbon,  478 

copper,  699 

lead,  713 

Dichromate  of  chromium, 768 

lead,  772 

Dicyanuret  of  copper,  707 
Dieman,  483 

Diesbach  on  Prussian  blue, 
656 

Differential  thermometer,  142 
Difluoride  of  copper,  700 
Digby,  Sir  Kexelm,  11 
Digester,  Papin’s,  163 
Digestion,  1193 
Digestive  salt  of  Sylvius,  542 
Digitalia,  its  preparation  and 
properties,  1039 
Digitalis  'purpurea , 1039, 

1057 

Dimuriate  of  cinch  onia,  1025 
Dinitrate  of  lead,  715 
Dioptase,  7 06,  860 
Diphosphate  of  potassa,  560 
Diphosphuret  of  iron,  649 
Dipping-needle,  306 
Dippel’s  animal  oil,  1131 
Discharge  electrical,  effects 
of,  269 

Discharger,  electrical,  240 
Dischargers,  electrical,  240 
Discolouring  power  of  char- 
coal, 461 

Diseases  contagious  and  in- 
fectious, remarks  on, 
1135,  and  note 
Disilicate  of  alumina,  861 
Disinfecting  liquid,  Labar- 
raque’s,  585 
Dispersive  power,  182 
Dissected  battery, '293 

■ calcareous  spar,  115 

fiuor  spar,  114 

Dissection  of  alum,  121 

crystals,  121 

Distillation,  destructive,  of 
pit-coal,  495 

prevention  of  the  sud- 
den evolution  of  vapour 
during,  429 

of  sulphuric  acid  in  glass 

vessels,  precautions  re- 
specting, 429 

in  platinum,  422 

volatile  oils,  965 

water,  355 

Distilled  vinegar,  1112 

waters,  966 

Distilleries,  remarks  on, 
1065,  note 

Distillers’  wash,  1065 
Disulphate  of  cinchonia,  1025 

quinia,  1027 

zirconia,  844 
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Disulpliocyanuret  of  copper, 

707^ 

Disulphuret  of  copper,  701 

native,  701 

iron,  646 

Dioxide  of  copper,  697 

lead,  713 

Divergence,  electrical,  229 
Dobereiner  on  boron,  510 

carbonium,  464 

chloride  of  lead,  713 

formic  acid,  1012 

— ether,  1101 

hydrogen  and  platinum, 

353 

nitrate  of  lead,  71*1 

oxide  of  iron,  640,  641 

lead,  712 

sugar,  904  note 

sulphuret  of  manganese, 

637 

Dolomite,  629 

Donovan  on  liquor  potassee, 
540 

oxide  of  mercurv,  785, 

786 

sorbic  acid,  1009 

Dorking  lime,  864 
Double  affinity,  215 
voltaic  plates,  Wollas- 
ton’s, 269 

refraction  of  Iceland 

spar,  178 

refraction  of  a salt  of 

strontia,  617 
Doubler,  electrical,  245 
Draco  mitigatus , 786 
Drummond  on  flame,  206 
Dry  gases,  how  obtained,  406 

— rot,  918 

— — prevention  of,  704 
Drying  gases,  mode  of,  328 

oils,  952,  954 

Dubois  and  Silveira  on  zir- 

conia,  843 

Dublanc  and  Couerbe  on 
meconia,  1019 
Du  Chesne,  22 
Du  Clos,  the  analyst,  70 
Du  Faye’s  electrical  hypo- 
thesis, 221 
Ducks’  fat,  1189 
Ductile  metals,  518 
Dulcified  spirit  of  salt,  1105 
Dulong  on  alcohol  vapour, 
1072 

chloride  of  nitrogen, 

389 

expansion  of  air,  132 

hydrogen,  348 

hypopliosphite  of  bary- 
ta, 612 

— potassa,  560 

strontia,  618 

refractive  power,  176 

steam,  164 
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Dulong  and  A r ago  on  steam, 

164 


and  Petit  on  expansion 
of  air  by  heat,  132 
— — of  solids  by  heat, 


125 

— rate  of  cooling,  196 

— specific  heat,  149 

Dumas  doubts  the  elementary 
nature  of  bromine,  345, 
note 

his  table  of  metals  pre- 
cipitated by  infusion  of 
galls,  930 

on  acids  from  soap,  965, 

note 

alcohol,  1073,  1079 

aricina,  1030 

benzoic  acid  vapour, 

975 

carbonic  oxide,  464 

chloral,  1106 

chloride  of  arsenic,  732 

manganese,  636 

— titanium,  738 

on  chloro-carbonic  ether, 

1102 

daturia,  1036 

essence  of  lemons,  970 

— — hydrate  of  camphogen, 


969 


hydrophosphoric  gas, 
451 

idrialine,  495 
indigo,  946 
kreosote,  986 
methylene,  1126 
muriatic  ether,  1105 
oil  of  wine,  1094 
oxamide,  999 
perchloride  of  chromi- 
um, 773 

phosphuretted  hydro- 
gen, 451 
stearine,  962 
succinic  acid,  980 
tartrate  of  lime,  993 
urethan,  1102 
and  Boullay  on  nitrous 
ether,  1099 
— oxalic  ether,  1100 
and  Laurent  on  para- 
naphthalin,  494 
and  Peligot  on  hydrate 
of  camphogen,  969 
and  Prevost  on  albu- 
men, 1141 

and  Serullas  on  com- 
pounds of  chlorine  and 
iodine,  344 

and  Soubeiran  on  ar- 
seniuretted  hydrogen, 
753 

and  Wohler  on  fluo- 
ride of  manganese,  636 
on  Peruvian  bark,  1023 


Dutch  chemists,  the  asso- 
ciated, 483 

gold,  709 

Dyeing,  art  of,  934,  note 
and  calico  printing,  co- 
lours used  in,  936  to  944 
Dyers’  broom,  941 
tin-liquor,  677 

Earth,  the,  radiation  of  heat 
from,  201 

regarded  as  a mag- 
net, 306 
Earths,  606 

alkaline,  523 

causticity  of,  54 

considered  as  metallic 

oxides,  88 

nature  of,  guessed  by 

Lavoisier,  88 

East  India  moist  sugar,  905, 
note 

refined  sugar,  905,  note 

Eau  medicinale , 1035,  note 
Ebullition,  temperature  of, 

161 

of  sulphuric  acid  safely 

conducted,  429 
Economy  of  gas-illumination, 
499 

Edges  and  angles  of  crystals 
truncated,  108 
Eel,  electrical,  299 
Effervescence,  473 
Effervescent  wines,  1069 
Efflorescence  of  crystals  pre- 
vented by  oiling,  109 
crystals  upon  what  de- 
pendent, 109,  and  note 
Efflorescent  crystals,  109 
Egg,  albumen  of,  1138 
Eggs,  1 1 89,  and  note 

analysis  of,  1 1 89,  note 

of  fish,  1189,  note 

Egyptian  opium,  1020 
Einhoff  on  horseradish  root, 
1050 

Ekeberg  discovers  tantalum, 

782 

Elai'dic  acid,  965,  and  note 
Elaidine,  965 
Elain,  952,  1185 
Elaiodic  acid,  965,  note 
Elastic  bitumen,  982 
Elasticity  of  metals,  518 
Elaterium,  active  principle 
of,  1045 
Elatin,  1045 
Elder-flowers,  1058 

flower  water,  1058 

Elecampane- root,  1051 
Elective  affinity,  39 

attraction,  39,  222 

Electric  calamine,  672 

fluid,  221 

— its  velocity,  227 

4 L 
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Electrical  action,  definite, 
28G 

promotes  chemical 

affinity,  281 

— suspends  chemical 

affinity,  278,  281 

■  amalgam,  232 

anions,  simple  and  com- 
pound, 279 

attraction  identical 

with  chemical,  289 

— illustrations  of,  236 

— and  repulsion,  222 

— and  repulsion  of 

clouds,  251 

attractions  and  repul- 
sions, voltaic,  262 

aura  from  a point,  238 

balance,  230 

battery,  effects  of  its 

discharge,  243 

bells,  237 

brush  of  light,  238 

cathions,  simple  and 

compound,  279 

changes  connected  with 

chemical  actions,  260 

charge,  239 

recedes  from  points, 

2-53 

chime  of  bells,  237 

clouds  highly  charged, 

247 

■  — their  attractions  and 

repulsions,  251 

coated  pane,  239 

column,  261,  and  note 

charges  a Leyden 

phial,  262 

— its  opposite  states, 

261 

dry,  261,  note 

condensers,  245 

conducting  power  af- 
fected by  heat,  226 

— affected  by  physical 

states,  226 

of  iron  compared 

with  water,  &c.,  227 

metals,  271 

— water  increased, 

275,  note 

conductor  insulated, 226 

conductors,  225 

- — table  of,  226 

imperfect,  225 

— — table  of,  226 

their  polar  arrange- 
ment, 228 

under  induction, 

228 

contact  prevents  me- 
tallic corrosion,  281 

current,  263,  289 

— — decomposes  iodide 

of  potassium,  290 


Electrical  current  deflects  the 
galvanometer,  289 

hydro,  302 

* — independent  of  me- 
tallic contact,  290 

— stereo,  302 

its  constant  direc- 
tion, 291 

— — direction,  269 

— physiological  ef- 
fects, 298 

retardation,  298 

— of  the  voltaic  pile, 

291 

dance  of  pith -balls,  237 

decomposition,  conduct- 
ing power  essential  for, 
285 

laws  of,  273,  287 

decompositions,  273, 

278 

discharge  in  vacuo, 

243 

by  charcoal  points, 

269 

discharger,  jointed,  240 

discharging  rods,  240 

divergence,  229 

doubler,  245 

equilibrium,  its  distur- 
bance, 258 

excitation  promoted  by 

dryness,  222,  233 

— of  flannel,  223 

glass  and  resin,  222 

- — paper,  223 

silk,  223 

fly-wheel,  238 

head  of  hair,  236 

hypotheses,  221,  and  w. 

induction,  227 

induction  through  air 

and  glass,  239 

insulation,  226,  note 

insulators,  226 

jar  or  Leyden  phial, 239 

— accumulates  sparks, 

241 

charge  of,  239 

— — ascertained,  240 

— charged  by  the  elec- 
trical column,  262 

by  the  electro- 

phorus,  245 

— — transfer,  242 

— — from  another, 

241 

— discharge  of,  239 

— discharged  by  vi- 
bration, 226,  note 

■ — its  metallic  coatings, 

their  use,  242 

their  opposite 

states,  241 

plus  and  minus 

states,  241 


Electrical  jar,  its  quantity  and 
intensity,  242 

— — spontaneous  dis- 
charge, 240 

striking  distance, 

243 

kite,  248 

laws,  similar  to  those 

of  gravitation,  230 

light,  234 

— in  air,  234 

—  — gases,  234 

— vacuo,  234,  257? 

269 

— various  media,  234 

luminous  star,  238 

— tubes,  237 

—  words,  237 

machine  cylinder,  232 

plate,  233 

machines  got  into  order, 

232 

multiplier,  245 

non-conductors,  225 

table  of,  226 

organs  of  certain  fishes, 

299 

origin  of  meteors,  257 

pane,  239 

perpetual  motions,  262 

phenomena,  artificial, 

221  to  248  ' 

— natural,  246  to  257 

of  meteors,  257 

— of  the  aurora  borea- 
lis, 254 

— of  the  thunder-storm 

246,  251 

— — ancient  notions 

regarding,  246 

of  the  water-spout, 

253 

poles,  their  attractive 

powers,  292 

— of  the  voltaic  bat- 
tery, 269 

called  anode 

and  cathode,  269 

powers  follow  the  law 

of  gravitation,  230 

repulsions,  222,  236 

shock,  240 

spark  equal  to  the  vol- 
taic spark,  298 

produces  heat,  244 

spark,  its  modifications 

by  various  media,  234 

— — rapidity  of  effect, 

244,  note 

sparks  produce  nitric 

acid,  297 

sphere  with  moveable 

coatings,  235 

spiral  luminous  tube, 

237 

states,  223 
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Electrical  states  neutralize 
each  other,  235 

— opposite,  attract, 

223 

of  the  electric 

column,  262 

of  the  electrophorus, 

244 

of  the  Leyden 

phial,  241 

of  steam  and 

water,  254 

— their  equilibrium  in 

the  machine,  234 

unit  jar,  240 

Electrics,  table  of,  224 
Electricity,  221 
iEpinus  on  its  excita- 
tion, 225 

Beccaria,  imagines  it 

the  source  of  magne- 
tism, 257 

Bennet’s  instrument 

for  detecting  its  pre- 
sence, 229 

Biot  on  its  superficial 

accumulation,  235 

Brande  experiments 

upon  its  intensity  in 
the  V oltaic  battery, 
268 

Cavallo  on  conductors 

of,  224 

Cavendish  on  its  con- 
duction by  iron-wire, 
226 

Cavendish  proves  it  to 

form  nitric  acid  from 
air,  297 

Children  on  its  quan- 
tity in  the  Voltaic-bat- 
tery, 270 

— Cosier  first  saw  it  drawn 

from  the  clouds,  248 

Coulomb’s  balance  for, 

230 

hypothesis  of,  221 

— — Dalibard  and  Delor 
draw  it  from  the  clouds, 
248 

Dalton  on  that  of  the 

aurora  borealis,  255 

Daniell,  experiments 

upon  its  constant  pro- 
duction, 293 

Davy  decomposes  the 

fixed  alkalies  by,  278 

— employs  it  as  a 

means  of  preventing 
metallic  corrosion,  281 

Davy,  investigates  its 

decomposing  powers, 

272 

Davy  on  the  transfer 

of  elements  by,  276, 
277,  note 


Electricity,  Davy’s  theory  of 
its  production  in  the 
pile,  289 

De  Luc’s  arrangement 

for  its  production^  261 
Du  Faye’s  hypothesis 

of,  22  r 

Erman  on  its  insula- 
tion, 226,  note 

on  the  discharge  of 

a Leyden  phial,  226,  n. 

Faraday  discovers  its 

definite  quantity,  286 

— establishes  its  de- 

velopement  by  chemi- 
cal action,  289 

— his  experiments  on 

its  conduction,  284 
— — — his  experimental  re- 
searches in,  273 

— introduces  new 

terms  into  the  science 
of,  268 

— invents  a voltame- 
ter for  measuring,  286 

proves  the  identity 

of  common  with  Vol- 
taic, 296 

Faraday’s  table  of 

anious  and  cathions, 
279 

Franklin  draws  it  from 

the  clouds,  248 

— proves  its  analogy  to 

lightning,  247,  248 

— suggests  conductors 

for  houses,  249 

Franklin’s  hypothesis 

of,  221 

theory  of  illustrated 

by  the  Leyden  phial, 
241 

Galvani  discovers  its 

production  by  the  con- 
tact of  metals,  258 
Grey  hints  at  its  ana- 
logy to  lightning,  246 

Halley’s  observations 

on  as  connected  with 
magnetism,  257 
Henley  on  its  conduc- 
tion by  hair,  226 

Henley’s  electrometer 

for  ascertaining  charges 
of,  240 

Herschel’s  notion  of  its 

connexion  with  vitality, 

301 

Humboldt  on  that  of 

the  gymnotus,  300 

Hunter  on  that  of  the 

torpedo,  &c.,  299 

Kendall  on  that  of  the 

aurora  borealis,  255 

Melloni  on  its  develope- 

ment  by  heat,  303 


Electricity,  Nairne’smachine 
for  exciting,  231 

Nicholson  and  Carlisle, 

first  observe  its  decom- 
posing powers,  272 

Nobili  on  its  develope- 

ment  by  heat,  303 

Nollet,  Abbe,  hints  at 

its  analogy  to  lightning, 
246  * 

Parry  on  that  of  the 

aurora,  255 

Pearson  decomposes 

water  by  its  agency, 
298,  note 

Pepys’s  arrangement 

for  attaining  its  quan- 
tity, 264 

Ricliman  killed  by  at- 
mospherical, 249 

Roget  on  its  develope- 

ment  by  heat,  302 

Romas  draws  it  from 

the  clouds,  249 

Seebeck  discovers  its 

excitation  by  heat, 
(thermo  - electricity,) 
301 

Singer  on  conductors 

of,  225 

— on  that  of  the  aurora 

borealis,  254 

— — improves  the  elec- 

trometer, 229 

Tillard  on  its  excita- 
tion during  submarine 
eruptions,  253 

Volta  invents  the  cou- 

ronne  des  tasses , 265 

investigates  its  de- 

velopement  by  the  con- 
tact of  metals,  259 

Volta’s  theory  of  its 

production  in  the  pile, 
289 

Wall  hints  at  its  ana- 
logy to  lightning,  246 

W atson  on  the  velocity 

of  its  passage,  227 
Wheatstone  on  the  ve- 
locity of  its  passage, 
227,  244,  note 

Wollaston  decomposes 

water  by  its  agency, 
298 

— — — increases  its  quan- 
tity in  the  Voltaic  bat- 
tery, 267 

refers  its  develope- 

ment  to  chemical  ac- 
tion, 289 

Zamboni’s  arrange- 

O 

ments  for  its  produc- 
tion, 261,  note 

affected  by  the  density 

of  air,  243 
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Electricity,  alkalies  decom- 
posed by,  278 

animal,  299 

atmospherical,  246 

— influenced  by  the 

weather,  257 

— its  cause  unknown, 

253 

— usually  positive,  257 

chemical  action  pro- 
duces, 289 

— affinity  suspended 

by,  276,  282 

coagulates  albumen, 

1138 

combustibles  inflamed 

by,  243 

combustion  of  metals 

by,  270 

common,  decomposi- 
tions by,  296 

— identical  with  Vol- 
taic, 295 

conductors  of  termed 

electrolytes,  269 

— confined  to  surface,  235 

current  of  common,  244 

death  of  animals  by, 

243 

— Ricliman  by,  249 

decomposition  and 

transfer  of  elements 
by,  276 

— by  termed  electro- 
lysis, 274 

— of  alkalies  by,  278 

— salts  by,  276 

water  by,  272,  274 

differs  from  lightning 

only  in  degree,  247 

drawn  from  the  clouds, 

248 

elevation  of  tempera- 
ture by,  234 

elements  developed  by, 

273,  276,  280 

Galvanic,  258 

glass  impermeable  to, 

242 

gunpowder  inflamed  by, 

299 

ice  a 'non-conductor  of, 

356 

ignites  compound  wires, 

271 

platinum-wire,  270 

ignition  of  wires  by, 

243 

independent  of  metallic 

contact,  289 

induced,  227 

influence  of  points  on, 

238 

inherent  of  elements, 

279 

* in  motion,  235,  296 


Electricity,  iodide  of  potas- 
sium a test  of,  290 

intensity  of,  236,  264, 

272 

irritation  connected 

with,  259 

magnetism  produced 

by,  296,  308 
- — — magneto,  314 

metals  burnt  by,  270 

negative,  223 

opposite  states  of  simul- 
taneously produced, 
224 

polar  chemical  decom- 
positions effected  by, 
296 

produces  nitric  acid 

from  air,  297 

positive,  223 

quantity  and  intensity, 

264,  267,  271 

resinous,  223 

retardation  of  its  pas- 
sage, 298 

salts  decomposed  by, 

276 

shooting-stars  imitated 

by,  257 

terms  recently  intro- 
duced in,  269 

tested  by  iodide  of  po- 
tassium, 290 

thermo,  301 

theory  of,  221 

transfer  of  elements  by, 

277,  and  note 

transferred  from  coat- 
ing to  coating,  242 
vitreous,  223 

volcanic,  253 

voltaic,  258 

voltaic  affects  the  mag- 
netic-needle, 308 

voltaic  heat  and  light 

of  its  discharge,  269 

voltaic  identical  with 

common,  295 

voltaic  producesmagne- 

tism,  303 

voltaic  theory  of,  289 

water  decomposed  by, 

272-274 

by  friction,  224 

induction,  227 

— — arrangements  for, 

228 

its  accumulation  in  the 

Leyden  phial,  239 

superficial,  Biot  on, 

235 

its  analogy  to  lightning 

suggested,  246 

its  cause  unknown,  221 

— chemical  agencies, 

272-275 


Electricity,  its  connexion  with 
animal  irritability,  259 

— crackling  noise,  233 

decomposing  agen- 
cies, 273,  278 

— definite  quantity, 286 

derivation,  222 

— effects  on  the  organs 

of  sensation,  259 

— escape  from  points, 

238 

excitation,  222 

by  the  contact  of 

metals,  259 

by  friction,  224 

heat,  301 

— identity  with  light- 
ning proved,  247 

— induction  through 

air,  239 

glass,  239 

— intensity,  236 

affected  by  ex- 
tension of  surface,  243 
— luminous  appear- 
ance, 222 

— opposite  states,  223 

— passage  in  vacuo, 

257,  270 

through  air,  243 

flame,  243 

the  limbs  of  ani- 
mals, 258 

retarded  by 

water,  298 

reception  by  points, 

238 

striking  distance, 

243 

— velocity  of  passage 

through  conductors,227 

of  amber,  222 

cat’s  back,  224 

cylinder,  235 

glass,  224 

resin,  224 

sphere,  235 

submarine  eruptions, 

254 

tension,  234 

of  the  electrophorus,244 

gymnotus,  299 

silurus  electricus,  299 

torpedo,  299 

voltaic  apparatus,  how 

increased,  267 

voltaic  pile,  264 

how  modified,  271 

See  Voltaic  Electricity. 
Electro-chemical  action,  278 
Electro-chemical  characters 
of  peroxide  of  manga- 
nese, 633,  note 

decomposition,  285,  296 

its  definite  nature, 

286 
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Electro-chemical  experiment, 
207 

equivalents,  ions  and 

electrolytes,  summary 
of,  287' 

Electrodes  and  cathodes,  2G9 
Electrolysis,  laws  of,  274, 
285 

of  water,  274 

Electrolytes,  ions,  and  elec- 
tro-chemical equiva- 
lents, summary  of,  289, 
287 

summary  of,  &c.,  287 

table  of,  286 

Electro-magnet,  weight  raised 
by,  313, 

boating,  313 

Electro-magnetic  pheno- 
mena, 308 

apparatus,  311 

coil  circular,  313 

— de  la  Rive’s,  313 

connecting-wire,  308 

— wire,  polarity  of, 

311 

currents,  309 

— diagrams  of,  309 

— shown  by  magnetic 

needle,  308 

deflections,  diagram 

and  model  of,  309 

of  the  needle,  309 

— — contrivance  for 

remembering,  309 
experiments,  galvano- 
meter for,  311 

galvanometer,  311 

heliacal  arrangements, 

312,  313 

helix,  313 

multiplier,  312 

phenomena  chiefly 

shown  by  voltaic  elec- 
tricity, 308 

dependent  upon  elec- 
tricity in  motion,  308 
— metallic  contact  ne- 
cessary for,  308 

polarity,  311 

rotation,  310 

spiral,  313 

Electro-magnetism,  308 
Barlow  on  its  tangen- 
tial action,  310 
De  la  Rive’s  arrange- 
ments for  showing,  313 

Faraday  on  rotation 

produced  by,  311 

CErsted  first  discovers 

it,  308 

Ritchie’s  galvanometer 

for  experiments  in,  312 

Roget’s  contrivance  for 

assisting  the  memory 
regarding,  309 


Electro-magnetism,  Sell  we  ig- 
ger’s  galvanometer  for 
experiments  in,  311 

chiefly  developed  by 

voltaic  electricity,  308 
dependent  upon  elec- 
tricity in  motion,  308 
galvanometer  for  expe- 
riments on,  311 
metallic  contact  essen- 
tial for,  308 

Electrometer,  Bennet’s,  229 

Coulomb’s,  230 

quadrant,  Henley’s,  240 

Singer’s,  229 

voltaic,  286 

Electromotive  power  of  me- 
tals, 259 

negative  bodies,  275 

positive  bodies,  275 

negative  and  electro- 
positive elements,  318 

polarity,  228,  231,  262 

Electrophorus,  245 
Electrum,  695,  note 
Elemens  de  Chimie,  Lavoi- 
sier, 85 

Elementa  Chemica , Boer- 
haave’s,  52 
Elements,  ancient,  23 

inherently  negatively 

electrical,  273 

— positively  electrical, 

273,  275 

integral  of  crystals,  118 

primitive,  119 

secondary,  119 

modern,  317 

proximate  of  vegeta- 
bles, 894 

separation  of  by  elec- 
tricity, 273,  278 
— — transmission  of  by  elec- 
tricity, 273,  27 6,  280 

ultimate  of  vegetables, 

879,  881,  891 

Elementary  bodies,  table  of, 

317 

gases  of  water,  275 

nature  of  nitrogen  sus- 
pected, 373 

rays  of  light,  182 

substances, arrangement 

of,  318 

— table  of,  317 

Elias  Ashmole,  15 

the  Artist,  10 

Eliquation,  802 
Elixir,  universal,  1 
Ellagic  acid,  932 
Ellegate  of  ammonia,  932 
Ellicot  on  expansion  by 
heat,  126 
Elm-bark,  1053 
Emerald,  861 

contains  glucina,  841 


Emerald,  its  analysis,  841 
Emery,  850 

Emetic  tartar,  726,  996 
Emetina,  its  preparation  and 
properties,  1040 

gallate,  1041 

Empyreal  air  of  Scheele,  81 
Empyreumatic  oil,  1131 
Emulsin,  917 
Emulsions,  951 
Enamel  colours,  868 

of  teeth,  1192 

Enderby  and  Co.  on  volatile 
hydrocarbon  from  ca- 
outchouc, 982 

Englefield,  Sir  H.,  his 
mountain  barometer, 
400 

English  cast  steel,  666 

phosphorus,  437 

weights  and  measures, 

1201 

Ens  veneris , 643 
Epidemics,  catarrhal,  pro- 
bably owing  to  sele- 
nium in  air,  413 
Epidermis  of  animals,  1180 

plants,  871 

Epsom  salt,  624 
distinguished  from  oxa- 
lic acid,  998 

native,  624 

Equilibrium,  electrical,  dis- 
turbed, 258 
Equisetic  acid,  1014 
Equivalent,  electro-chemi- 
cal, 287 

numbers,  how  deter- 
mined, 220 

— of  simple  substances, 

317 

Ergot  of  rye,  1062 
Erman  on  insulation,  226  n. 
Erythric  acid,  1172 
Esculic  acid,  966  note , 1052 
Essence  of  lemons,  970 
Essential  oils,  965 
— — of  lemons,  970 
Essone,  fatal  explosion  of 
gunpowder  at,  543 
Etching  on  glass  by  hydro- 
fluoric acid,  370 
Ethal,  1187 
Ether,  1080 

— a hydrate  of  etherine, 

1088 

— acetic,  1102 

— benzoic,  1103 

— citric,  1105 

— chloric,  485 

— chlorocarbonic,  1102 

— formic,  1101 

— hydriodic,  1107 

— hydrobromic,  1107 

— hydrochloric,  1105 

— hydrocyanic,  1108 
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Ether,  hyponitroiis,  1008 

— muriatic,  1105 
— • nitrous,  1098 

— oxalic,  1100 

— oxidized,  1103 

— pyroacetic,  1124 

— spirit  of,  1087 

— succinic,  1104 

— sulphatic,  1092,  1094 

— sulphocyanic,  1108 

— sulphuricus,  1081 
- — tartaric,  1104 

— thiolic,  1108 

— washed,  1083 

— its  analysis,  1087 

— — basis,  490 

boiling-point,  1084 

combinations,  1092 

combustion,  1035 

composition,  892, 

1087,  1091 

— — discovery,  1080 

— — distillation,  1081 

- — evaporation  produces 
cold,  162,  108,  1084 

— — expansion,  128 

— - — freezing-point  ? 1085 
habitudes  with  acids, 

1086 

— — — alkalies,  1080 

—  metals,  1086 

inflammability,  1084 

— — passage  through  ca- 

pillary tubes,  1085  n. 

— — preparation,  1080 

properties,  1084 

— - — slow  combustion, 

1085  note 

- — decomposition, 

1086 

solubility  in  alcohol, 

1087 

— — — water,  1086 

—  other  menstrua, 

1086 

solution  of  phospho- 
rus, 1086 

— — sulphur,  1086 

— — specific  gravity,  1081, 

1084 

— sulphuric,  1080,  1094, 

note 

— — vapour,  elastic  force 

of,  1085 

• great  density  of, 

1084 

—  sp.  gr.  of,  1084 

volatility,  1084 

— — volume  affected  by 

temperature,  1085 
Ethereal  matter,  173 

solution  of  gold,  817 

vapour,  great  density 

of,  1084 

Etherification,  theory  of, 
1089 
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Etherine,  489,  1088 

basis  of  ether,  490 

bihydrate  of,  1088 

chloride  of,  490 

— combination  of  with  the 

hydracids,  1105 

hydrate  of,  1088 

hydrated  liyponitrite 

of,  1099 

volume  of,  480 

Etherized  salts,  1078,  note 
Ethero-phospliate  of  baryta, 
1098 

Etliero-phosphoric  acid,  1097 
Ethero-sulpliuric  acid,  1097 
Ethionic  acid,  1097 
Ethule,  liyponitrite  of  oxide 
of;  1099 

Ethyle,  or  ethule,  1088 
Ettling  on  kreosote,  987 
Euchlorine,  334 
— — aqueous  solution  of, 
336 

Euclase,  861 

analysis  of,  841 

contains  glucina,  841 

Eudiometer,  Cavendish’s, 352 

— Henry’s,  409 

— — Hope’s,  407 
— — Pepys’s,  409 

Ure’s,  408 

Volta’s,  352,  408 

Eudiometrical  balls  of  spongy 
platinum,  353 
— — - experiments,  407 

liquids,  409 

solutions,  379,  409 

Eugenia  caryophyllata , 971, 
1058 

Euler  on  light,  173 
Eupion,  985 

derivation  of  the  name, 

985 

properties  of,  985 

Evaporation  produces  cold, 

' 167,  170,  420 
— — for  the  production  of 
crystals,  109 

spontaneous,  of  liquids, 

167 

■ — solutions  of  salts, 

109 

See  Boiling  and  Heat. 

Evolution  of  heat  by  com- 
pression, 150 

1 — congelation,  154 

of  light,  182,  200,  233, 

239 

Excitation  of  electricity,  222 

electro-chemical,  exists 

with  electro-chemical 
decomposition,  292 
Exosmose  and  endosmose  ex- 
periments with  hydro- 
gen 350 

Excrements  of  animals,  1194 


Expansion  by  heat,  see  Heat. 

of  liquid  carbonic  acid 

by  heat,  471 

permanent,  of  zinc  by 

heat,  125 

sudden,  of  oil-gas,  484, 

note 

Experiments  on  the  colouring- 
matter  of  Prussian 
blue,  84 

Explosion  of  Berthollet’s  gun- 
powder at  Essone,  543 

fire-damp,  how  affected 

' by  gaseous  mixtures, 
481 

sound  of,  in  thunder- 
storms, 252 

Extinction  of  flame  by  cool- 
ing, 208 

Extract  of  belladonna,  1057 
— — cascarilla,  1052 

chamomile,  1057 

colchicum,  1050 

— — - columbo,  1050 

dandelion,  1051 

gentian,  1050 

— - — henbane,  1056 

hops,  1059 

jalap,  1050 

logwood,  1054 

■ sarsaparilla,  1051 

stramonium,  1057 

bark,  1052 

valerian,  1052 

- — — vegetable,  923 

Extractive  bitter,  924 
— — brown,  923 

coloured,  923 

- matter,  923 
Extracts,  preparation  of,  for 
pharmaceutical  use, 
923 

Eye,  humours  of  the,  1166 

Fabbroni  on  alcohol,  1067 
Fahrenheit’s  thermometer, 
43,  138 

scale,  1371*138 

Falling  stars,  257 
Fathers  of  chemical  philoso- 
phy, 2 

Faraday,  Dr.,  his  electrical 
terms,  268,  274 
his  experimental  re- 
searches, 273 

his  theory  of  the  vol- 
taic pile,  290 

his  voltameter,  286 

on  absorption  of  am- 
monia by  chloride  of 
calcium,  593 

alkalimetry,  563 

ammonia  - chloride  of 

calcium,  593 

analyses  of  glass,  867, 

note 
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Faraday,  Dr.,  on  bicarbonate 
of  hydrogen,  487 

■  caoutchouc,  881 

chlorides  of  carbon,  477 

chloride  of  silver,  803 

■  crystals  of  sulphate  of 

soda,  579 

definite  electrical  de- 
compositions, 288 

efflorescence,  109,  note 

electricity,  288,  287, 

et  seq. 

electro -chemical  de- 
composition, 285 

equivalents,  287 

electro-magnetic  rota- 
tion, 310 

electro-magnetism, 308, 

note 

glass,  867 

hydrochloride  of  car- 
bon, 485 

hydriodide  of  carbon, 

486 

identity  of  voltaic  and 

common  electricity, 295 

induced  magnetism, 

306 

limit  to  vaporization, 

412 

liquid  ammonia,  392 

— — — carbonic  acid,  470 

— chlorine,  331 

— — — cyanogen,  499 

— euchlorine,  338 

— muriatic  acid,  392 

— nitrous  oxide,  376 

— - sulphurous  acid, 420 

— sulphuretted  hydro- 
gen, 433 

liquefying  gases,  170 

magnetism,  306 

magnetic  spark,  315 

magneto-electricity,314 

magnetism  of  nickel, 

689 

musical  sounds  of  hy- 
drogen, 350 

nitric  acid  from  atmo- 
spheric air,  297 

oxide  of  silver,  802 

platinum  and  hydrogen, 

353 

polar  decompositions, 

296 

soda  disinfecting  liquid, 

586 

sp.  gr.  of  gases,  403 

sulpliuret  of  phospho- 
rus, 452 

sulphuric  acid  on  naph- 

thalin,  493 

temperature  of  steam, 

161 

and  Phillips  on  chlo- 
ride of  carbon,  478 


Faraday  and  Stodart  on 
alloys  of  steel  with 
nickel,  694 

platinum,  832 

— — > — rhodium,  837 

— — silver,  812 

Fat,  action  of  various  agents 
on,  1186 

— distillation  of,  1186,  note 

— elain  and  stearine  of,  1185 

— uses  of,  1186 

— varieties  of,  1185 

— animal,  1185 

— of  birds,  1 1 89 

— bone,  1192 

— ducks,  1189 

— goats,  1186 

— goose,  1189 

— hogs,  1185 

— human,  1185 

— insects,  1189 

— mutton,  1186 

— ox,  1185 

— turkeys,  1189 

— lutes,  863 

Feathered  shot  copper,  703 
Feathers,  composition  of, 

1180 

used  as  electroscopes, 

222 

Febrifuge  salt  of  Silvius, 

1116 

Felspar,  861 

Feneulle,  on  asarin,  1049 
F ermentation,  1 062 

checked  by  sulphurous 

acid,  421 

evolves  carbonic  acid, 

' 1065 

acetous,  1109 

putrefactive,  1129 

vinous,  1062 

Fernambouc  wood,  937 
F erriferous  oxide  of  uranium, 
732 

Ferrochyazic  acid,  654 
Ferrocolumbate  of  manga- 
nese, 783 

Ferrocyanic  acid,  654 
Ferrocyanogen,  651 
Ferrocyanate  of  ammonia, 
654 

potassa,  651 

used  as  a test,  653 

Ferrocyanuret  of  barium,  655 

of  bismuth,  731 

calcium,  655 

cobalt,  687 

copper,  707 

lead,  719 

magnesium,  655 

nickel,  692 

potassium,  651 

sodium,  655 

strontium,  655 

tin,  679 


Ferrocyanuret  of  uranium, 
735 

zinc,  673 

Ferrocyanurets,  651 

their  decomposition  by 

heat,  651 

Ferrosesquicyanic  acid,  656 
Ferrosesquicyanuret  of  bis- 
muth, 731 

Ferrosesquicyanuret  of  iron 
(Prussian  blue),  656 

of  lead,  656 

barium,  656 

calcium,  656 

potassium,  655 

sodium,  656 

a test  of  iron,  655 

Ferrosesquicyanurets,  655 
F errosulphuret  of  copper, 
702 

Ferrum  ammoniatum , 643 
Fibrin,  1142 

action  of  acids  on,  1143 

various  agents  on, 

1144 

analysis  of,  1144 

muriate  of,  1143 

sulphate  of,  1143 

Ficinus  on  cynapia,  1040 
Filings  of  tin,  674 
Filtration,  apparatus  for,  540 
Fire,  32 

— warming  rooms  by,  195 

— damp  of  coal-mines,  209, 

481 

heat  necessary  for  its 

explosion,  482 

— places  act  as  ventilators, 

134 

— red,  616 

— white,  764 

Fireworks,  nitrate  of  soda 
employed  in,  576 
Fish,  air-bladders  of,  1198 

— eggs  or  roe  of,  1 1 89,  n. 

— electric  organs  of,  299 
Firnhaber  on  bryonin,  1050 
Fischer,  on  angustura  bark, 

1052 

Fishery,  salt,  573 
Fixed  air,  55,  7 5,  86,  467 

Bergman  on,  75 

Black  011,  55 

Brownrigg  on,  56 

Cavendish  on,  79 

Priestley  on,  63 

alkalies,  523 

— nitre,  561 

— oils,  951 

— sal-ammoniac,  593 
Fixation  of  mercury  by 

Hermes,  5 

Flake  white  (ceruse),  718 
Flame,  Davy  on,  92,  209 

— arc  of,  269 

— coloured,  605,  615,  628 
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Flame,  existence  of  in  rarefied 
air,  414 

— experiments  on,  414 

— green,  628 

— limits  to  its  existence, 

415,  note 

— luminosity  of,  206 

— monochromatic,  206,  n. 

— red,  605,  615 

— section  of,  207 

— sound  produced  by,  350 

— support  of,  influenced  by 

the  presence  of  gases 
in  air,  416 

— yellow,  206 

— its  conical  form,  206 

— — extinction  by  cooling, 


208 


wire-gauze,  208 

— — high  temperature, 

205,  208 

hollow  nature,  207 

interior  non-lumi- 

ous,  207 
— - — light,  205 

— — nature,  205 

production,  205 

section,  207 

— of  carbonic  oxide,  415 

— hydrogen,  414 

— sulphur,  415 

— sulphuretted  hydrogen, 

415 


— phosphorus,  415 
Flash  of  lightning,  its  pro- 
gress, &c.,  252 

Flavour  of  plants  affected  by 
light,  183 
Flint,  855,  note 

— glass,  865 
Flints,  liquor  of,  859 
Floating  electro-magnet,  313 

spiral -magnetic,  313 

Florentine  Academicians,  43 
glasses,  137 

well-digger,  400 

Flores  martiales , 643 
Flos  ferri,  603 
Flowers,  873,  1057 

colouring  - matter  of, 

942 

pollen  of,  918 

of  benzoin,  974 

sulphur,  418 

zinc,  668 

Fluid,  electrical,  221 
Fluids  expand  by  heat,  124, 
see  Liquids 

and  heat  constitute  va- 
pours, 156 

Fluoborate  of  ammonia,  513 

lime,  605 

Fluoboric  acid,  512 

gas,  512 

Fluor,  596 

— compact,  596 


Fluor-spar,  596 

contains  fluorine,  346 

crystals  of  dissected, 

114,  120 

phosphorescent,  199 

primitive  form  of,  114 

Scheele  on,  83 

Fluoride  of  aluminum,  850 

arsenic,  752 

barium,  608 

bismuth,  730 

boron,  512 

— — cadmium,  681 

calcium,  346,  370,  596 

— — cerium,  740 

chromium,  773 

cobalt,  685 

columbium,  733 

copper,  700 

glucinum,  842 

iron,  644 

potassium,  644 

lead,  714 

• lithia,  589 

magnesium,  622 

manganese,  636 

mercury,  792 

molybdenum,  763 

nickel,  690 

potassium,  371,  547 

silicium,  857 

silver,  804 

sodium,  575 

strontium,  616 

tin,  677 

titanium,  738 

yttrium,  845,  846 

zinc,  670 

zirconium,  844 

Fluorides,  metallic,  526 
Fluorine,  346 

exists  in  fluor-spar,  346 

has  not  been  obtained 

in  an  insulated  state, 
346 

its  action  on  metals,  526 

union  with  calcium, 

596 

hydrogen,  370 

potassium,  547 

— sodium,  575 

Fluosilicic  acid,  370 
Flusspath , 596 
Flux,  black,  567 

— white,  551 

— useful  to  the  chemist, 

825,  note 

Fluxes  for  blowpipe  opera- 
tions, 520,  note 

use  of  in  metallurgical 

operations,  567 
Fly-poison,  1054 
— wheel,  electrical,  238 
Foci  of  mirrors  for  radiation 
ascertained,  187,  note 
Folkes,  Martin,  68,  note 


Food,  animal  and  vegetable, 
preservation  of,  1133 

— vegetable,  nutritive  in- 

gredients in,  922 

— influence  of  on  milk,  1159 
Forchammer  on  ammonio- 

sulphate  of  iron,  648 

— on  oxide  of  manganese, 

632,  633 

Form,  primitive  of  crystals, 

118 

of  diamonds,  459 

— secondary  of  crystals,  1 18 
Formiate  of  ammonia,  1012 
baryta,  1013 

copper,  1013 

lime,  1013 

magnesia,  1013 

potassa,  1012 

soda,  1013 

strontia,  1013 

Formiates  generally,  1013 
Formic  acid,  994,  1011 

ultimate  analysis  of, 

1012 

ether,  1101 

Fourcroy,  91 
- — — on  adipocere,  1134 

ammonio-sulphate  of 

magnesia,  624 

ether,  1085 

hyposulphite  of  zinc, 670 

oxide  of  mercury,  785, 

786 

phosphate  of  magnesia, 

625 

and  Vauquelin  on  pol- 

lenin,  918 

Fowler’s  mineral  solution, 
746 

Foxglove,  1039,  1057 
Fracture  of  crystals,  109, 
114,  117 

of  diamonds,  458 

gems,  114 

Fragaria  vesca , 1059 
Franklin  on  cooling  in 
vacuo,  196 

on  electricity,  221,  247 

lightning  - conductors, 

247 

Priestley’s  discoveries, 

68,  note 

proves  the  analogy  be- 
tween electricity  and 
lightning,  248 

Franklin’s  electrical  kite, 

248 

theory  of  electricity,  241 

Frauenhofer’s  lines  in  the 
Spectrum , 183 

Freezing  and  boiling  simul- 
taneously, 168 

and  melting-points, 

table  of,  156,  157 
of  mercury,  784 


GENERAL  INDEX. 


Freezing  of  mercury  in  the 
Arctic  regions,  147 

mixtures,  table  of,  155 

point  of  sea- water,  021 

of  water  bursts  bomb- 
shells, 356 

by  ether,  168 

evolves  heat,  154 

French  weights  and  mea- 
sures, 1202 
Fresnel,  123,  note 
on  extraordinary  re- 
fraction, 179 

on  heat,  123 

light,  173 

Friar  Bacon,  his  works,  6 
Frigorific  mixtures,  table  of, 
155 
Frit,  865 

Frogs,  limbs  of,  prepared  for 
galvanic  experiments, 
258 


Frommherz  on  oxide  of  man- 
ganese, 635 

Frost-bearer  or  cryophorus, 


169 


Fruits,  1058 

— analysis  of,  877 

— colouring-matter  of,  943 

— jelly  of,  896 

Fuchs  on  incombustible  pa- 
per, &c.,  859 

— potassa  from  minerals, 

540  note 

Fuci  a source  of  soda,  584 
Fucus  vesiculosus  contains 
oxygen,  65 

Fulminate  of  baryta,  798 

mercury,  797 

potassa,  811 

silver,  810 

zinc,  798 

Fulminates,  metallic,  532 
Fulminating  gold,  817 

mercury,  797 

platinum,  827,  831 

powder,  552 

silver,  802,  810 

Fulminic  acid,  502,  798 

action  of  on  metals,  532 

Fumigation,  333,  387,  1135 

by  chlorine,  333,  and  n. 

nitric  acid,  387 

Fuming  liquor,  Boyle’s,  435 

Libavius’s,  67 6 

sulphuric  acid,  424 

Functions,  animal,  1193 
Fungi,  1054 
Fungic  acid,  1014 
Furnace  for  smelting  iron, 660 
Fuscin,  1132 
Fusible  calculi,  1177 

metal,  732 

bath  of,  for  temper- 
ing steel,  666 
salt,  583 
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Fusibility  of  metallic  alloys, 
533 

of  metals,  table  of,  521 

Fusing-points  of  metals,  141 
Fusion,  application  of  the 
term,  153 

crystals  by,  110 

of  magnesia,  620 

Fustic,  941 

Fyfe  on  the  solubility  of  mag- 
nesia, 620 

Gadolin  discovers  yttria,  845 

on  yttria,  845 

Gadolinite,  739,  845 
Gahn  on  crystals,  114 

— manganese,  630 
Gahnite,  669 
Galena,  715 

reduction  of,  715 

Galileo  on  air,  400 
Gall,  ox,  1161 

— glass,  866 

— nuts,  gallic  acid  extract- 

ed from,  931 
— stones,  1162 
Gallenasparagin , 1161 
Gallenstoff,  1160 
Gallate  of  cinch onia,  1025 

emetina,  1041 

quinia,  1029 

Gallates,  general  characters 
of,  931 

Gallic  acid,  925,  931 

precipitates  nitrate  of 

lead,  932 

— persulphate  of  iron, 

932 

ultimate  analysis  of, 931 

Gallipoli  oil,  955 
Galls,  infusion  of,  table  of  its 
precipitates  with  metals, 
930 

Galvani,  discoveries  of,  93, 
258 

Galvanic  apparatus,  263 

arrangements,  258,  263 

— circles,  compound,  264 

simple,  262 

experiments,  258 

pile,  264 

Galvanism,  258 

chemical  agencies  of, 

260 

effects  of,  on  animals, 

259,  and  note 

electro-chemical  effects 

of,  260 

see  Electricity  and  Vol- 
taic Electricity. 
Galvanometer,  Ritchie’s,  311 

Schweigger’s,  311 

Gamboge,  977 
Garlic,  1049 

Garnet  on  mineral  waters, 

1211 


Garot  on  sulphosinapic  acid, 
956 

Gas,  the  term  first  mentioned 
by  Van  Helmont,  23 

— — retained  by  Lavoisier, 

86 

— ammoniacal,  391 

— arsenuretted  hydrogen, 

753 

— carbonic  acid,  470,  471 

— — oxide,  464 

— carburetted  hydrogen, 

480 

— chlorine,  331 

— chlorous  acid,  337 

— chlorocarbonic  acid,  466 

— chloronitrous,  379 

— coal,  495 

— cyanogen,  499 

— euclilorine,  334 

— fluoboric,  512 

— hydriodic  acid,  367 

— liydrobromic  acid,  369 

— hydrochloric  acid,  360 

— hydrofluoric  acid,  370 

— hydrogen,  347 

— hydrophosphorie,  451 

— muriatic  acid,  360 

— nitric  oxide,  377 

— nitrogen,  or  azote,  371 

— nitrous,  377 

— — acid,  380 
oxide,  374 

— oil,  496 

— olefiant,  483 

— oxygen,  327 

— phospliuretted  hydrogen, 

450 

— phosgene,  466 

— potassiuretted  hydrogen, 

548 

— resin,  496 

— ■ seleniuretted  hydrogen, 
456 

— silicated  fluoric  acid,  857 

— sulphuretted  hydrogen, 

433 

— sulphurous  acid,  419 

— superolefiant,  490 

— telluretted  hydrogen,  743 

— bottle,  iron,  for  oxygen,. 

327 

— chandeliers,  ventilation 

by,  134 

— coke,  495 

— holder,  324 

— illumination,  apparatus 

for,  495 

economy  of,  499 

— jars,  323 

— liquor,  a source  of  ammo- 

niacal salts,  430 

— from  stagnant  waters,  481 
Gaseous  mixtures,  their  ana- 
lysis by  spongy  plati- 
num, 353 
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Gases,  absorption  of  by  char- 
coal, 46*1 

— apparatus  for,  323 

— aqueous  vapour  of,  405 

— bad  conductors  of  heat, 

145 


— collected,  323 

— combine  in  definite  vo- 

lumes, 217 

■ — condensation  of,  170 

— desiccation  of,  328,  406 

— dried  by  chloride  of  cal- 

cium, &c.,  406 

— effects  of  pressure  on, 

170 


evolved  in  organic  analy- 
sis, cautions  regarding, 
890 


— expansion  of,  124 
by  heat,  132 

— form  solids  and  liquids, 


214 


hydrogen  and  oxygen, 
their  purity  judged  of, 


408 


— liquefaction  of,  162,  170 

— liquefied,  table  of,  170 

— mixed  with  air,  affect  its 

power  of  supporting 
flame,  416 

— permanent,  have  a power 

of  affecting  combustion, 
416 

— produce  a liquid  by  com- 

bining, 214 

• a solid  by  combining, 

214 

— refractive  power  of  177 

• — rules  for  correction  of 
their  volumes,  404,  n. 

— specific  gravity  of,  how 

determined,  403 

— — tabular  view  of,  407 

— — glass  balloon  for,  403 

— — different  to  air,  how 

collected,  334,  note 

— specific  heat  of,  149,  150 

— tendency  of  to  mix, 

though  of  different  sp. 
gravities,  350 

— used  for  illumination, 

analysis  of,  497 

— volumes  of,  corrected  for 

aqueous  vapour,  table 
of,  405 

corrected  for  pressure, 

404,  note 

—  temperature,  404, 

note 

Gasometer,  325 

mercurial,  326 

Gasometers  in  gas-works,  495 
Gassicourt  on  jalap,  1050 
Gastric  juice,  i 1 64,  1194 

muriatic  acid  in,  365, 

1164 


Gauge  and  bar  for  expansion 
of  metal  by  heat,  123 
Gauges  for  air-pumps,  402 
Gautier  on  Anthemis  pyre- 
thrum,  1049 

Gay  Lussac  on  alcohol,  1071, 
1073,  1080 

alumina,  849 

atomic  theory,  41,  102 

boiling-point  of  water, 


159 


carbonate  of  lime,  602 
chloric  acid,  338 
crystallization,  112 
cyanogen,  499 
— sulphur,  and  hydro 
gen,  507 

cyanuret  of  chlorine, 
502 


dried  grapes,  1066,  note 
ether,  1089,  1084 
gunpowder,  554 
hydrate  of  lime,  592 
hydriodic  acid,  367 
— gas,  369 
hydriodic  ether,  1107 
hydrocyanic  acid,  504 
hyponitrous  acid,  379 
hyposulphate  of  baryta, 
610 


hyposulphite  of  strontia, 

617 

hyposulphurous  acid, 
430 

iodate  of  baryta,  608 
iodide  of  potassium,  546 

— zinc,  6*70 
magnesia,  620 
nitrate  of  baryta,  608 

— soda,  57 6 
nitric  oxide,  378 
oxide  of  iron,  640,  64 1 

— tin,  6*75 
pyrophori,  579,  558 
proto  and  per  salts,  523 
paratartaric  acid,  1065, 
note 

steam,  158,  161 
sulphate  of  magnesia, 


— soda,  57 8 

sulphite  of  lead,  716 

Gay  Lussac  and  Thenard  on 
acetic  acid,  1109 

on  alloys  of  arsenic,  757 

boron,  510 

caseum,  1156 

egg-albumen,  1138 

fluoboric  acid,  512 

organic  analysis,  882 

phosphuret  of  potassi- 
um, 560 

potassium,  535 

and  ammonia,  554 

starch,  913 

sugar,  904 


Gay  Lussac  and  Thenard  on 
ultimate  analysis  of  dif- 
ferent woods,  921 

organic  bodies,  882 

and  W elther  on  hypo- 

sulphuric  acid,  431 
Gay  Lussac,  J.,  on  parafine, 
985 

and  Pelouze  on  lactic 

acid,  1128 
Gazolyta,  318 
Gazolytes,  318,  319 
Geber  the  alchymist,  5 
— list  of  his  works,  5,  note 
Geberish  or  gibberish,  origin 
of,  6 

Gehlen,  death  of  by  arsenu- 
retted  hydrogen,  753 
Geiger  on  bisulphate  of  po- 
tassa,  558 

on  castor-oil  seeds,  1061 

Geine , 923 
Gelatine,  1180 

action  of,  on  tannin,  928 

various  agents  on, 

1181 

composition  of,  1181 

tannin  a test  of,  1181 

varieties  of,  1182 

GELLERTand  Limbourg,  39 
Gentian,  extract  of,  1050 

root,  925,  1046,  1050 

active  principle  of,  1046 

Gentiana  lutea , 1046,  1050 
Gentianin,  1046 
Geoffroy,  38 

on  affinity,  38 

Geometrical  solids,  construc- 
tion of,  118 

Geometry  of  the  chemical 
elements,  40 

George  on  titanium,  738 
Gerard  on  ether,  1085 
German  silver,  695,  note 

or  Nordhausen  acid, 424 

Germination  of  seeds,  869 

affected  by  light,  870 

evolves  heat,  878 

' — requisites  for,  870 

sugar  formed  by, 

870,  910,  note 

Geyser  springs  contain  silica, 
856 

Gibberish,  Dr.  Johnson’s  de- 
rivation of,  6 

Gibbes  on  adipocere,  1134 
Giese,  his  formula  for  ob- 
taining dilute  hydrocy- 
anic acid,  506 

Gilding  by  ethereal  solution 
of  gold,  817 

porcelain,  821 

— — water,  821 
Gilpin  on  sp.  gr.  of  mixtures 
of  alcohol  and  water, 
1075 
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Gilpin  on  sp.  gr.  of  water  at 
different  temperatures, 
1203 

Ginger  root,  1049 
Glacial  acetic  acid,  1115 

phosphoric  acid,  444, 

002 

sulphuric  acid,  424 

Glance  coal,  463,  983 

cobalt,  083 

Glandular  diseases  alleviated 
by  iodine,  340,  note , 34 1 
Glaser’s  polvchrest  salt,  551 
Glass,  action  of  water  on, 
804,  note 

— — solution  of  potassa  on, 

540 

— alkali  of,  abstracted  by 

water,  864 

— analysis  of,  867,  note 

— annealed,  806 

— arsenic,  a flux  for,  805 

— borate  of  lead,  a flux  for, 

807,  note 

— colour  of,  improved  by 

manganese,  805 

— colouring  of,  808 

— composition  of  its  varie- 

ties, 804,  807 

— crown,  its  composition, 

867 

— cullet,  867,  note 

• — effects  of  long  fusion  on, 
860 

— electrical  by  friction,  222 

— enamel,  868 

— essential  components  of, 

805 

— etching  on  by  hydroflu- 

oric acid,  370 

— flint,  its  composition,  806 

— fluxes  for,  865 

— frit,  865 

— fritting  of,  865 

— furnace,  865 

— fusibility  of,  increased  by 

oxide  of  lead,  805 

— gall,  866 

— green  bottle,  its  compo- 

sition, 867 

— impermeable  to  electri- 

city, 242 

— London  flint,  865 

— manufacture  of,  864 

— oxide  of  lead  in,  865 

— plate,  its  composition, 867 

— pots,  866 

— proofs,  806 

— radiant  matter  arrested 

by,  187 

transmitted  by,  187 

— soap  (black-oxide  of 

manganese),  805 

— unannealed,  866 

— of  antimony,  723 

its  purity  tested,  723  ! 


Glass,  phosphorus,  438 
— and  platinum,  expansion 
of,  127 

Glauber,  25,  26 

describes  artificial  nitre, 

548 

— muriatic  acid,  26, 

pyroligneous  acid, 

25,  1113 

— spirit  of  salt,  26, 364 

sulphate  of  ammo- 
nia, 26 

soda,  26 

volatile  alkali,  25 

discoveries  of,  enume- 
rated, 26 

improves  apparatus,  27 

— — work  of,  27 
Glauberite,  600 
Glauber’s  salt,  26,  577 

its  crystals,  108, 109,  n. 

— instantaneous  crys- 
tallization of,  112 

evolves  heat,  156 

Glaze  for  pottery,  862 
Gliadine,  916 
Glowing  lamp,  207 
Glow-worm,  200 
Globules  of  the  blood,  1136 
Glue,  1181 

action  of  acids  on,  1181 

manufacture  of,  1182 

Glucina,  841 

its  bisulphate,  842 

carbonate,  842 

— name,  origin  of,  841 

— nitrate,  842 

phosphate,  842 

salts,  general  cha- 
racters of,  842 

— sources,  841 

specific  gravity,  841 

— sulphate,  842 

Glucinum,  its  chloride,  841, 
842 

fluoride,  842 

— oxide,  841 

— sources,  841 

Gluten,  abundance  of  in 
wheaten  flour,  915,  n. 

action  of  acids  on,  916 

— alkalis  on,  916 

— on  starch,  917 

affects  the  colour  of 

guaiacum,  977 

causes  the  offensive 

smell  of  rotting  plants, 
918 

properties  of,  915 

sources  of,  915, 916,944 

ultimate  analysis  of, 

918 

Glycerine,  959 

hydrate  of,  959 

its  ultimate  analysis, 

960 


Glycium,  841 

Glycyrrhiza  glabra , 997, 
1042,  1050 
Glycyrrliizin,  907 

acetate  of  907 

sulphate  of,  907 

Gmelin  on  borates,  511,  614 

cobaltic  acid,  688 

cobaltocyanuret  of  po- 
tassium, 687 

coffee-bitter,  1043 

croconic  acid,  464,  note 

cuprocyanuret  of  potas- 
sium, 707 

— — cyanuret  of  platinum 
and  potassium,  831 

indigogene,  946 

mezereon,  1052 

oxyehlorate  of  potassa, 


545 


refractive  power,  176 

siliceous  minerals,  861 

tartrate  of  lithia,  993 

Goat’s  fat,  1186 
— • — — acid  of,  1186 

milk,  1158 

Gobel  on  chloride  of  anti- 
mony, 722 

quinia,  1026 

tartrate  of  lead,  995 

Gobel’s  pyrophorus,  995 
Godfrey  Hanckwitz  makes 
phosphorus  for  sale, 
437,  note 

Gold  coinage,  820,  and  note 

— coloured  alloy  of  pla- 

tinum, 832 

— colours  glass,  868 

— finely  divided  state  of, 

814,  816 

— fulminating,  817 

— imitations  of,  832 

— leaf,  its  transparency, 

516 

— — - ■ electrometer,  229 

— powder,  821 

— pure,  814 

— purple  colour  produced 

from,  81 7 

— solvent  for,  389 

— standard,  708,  820 

— its  alchymical  name  and 

symbol,  814 

alloy  with  bismuth, 

820 

— cobalt,  820 

copper,  533,  820, 

and  note 

lead,  819 

manganese,  819 

— nickel,  819 

— — — palladium,  835 

— — — platinum,  832 

tin,  819 

—  zinc,  819 

— — alloys,  818 
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Gold,  its  alloys,  sp.  gr.  of, 
819 

— — amalgam  with  mer- 

cury, 820 

ammoniuret,  817 

assay,  812 

bromide,  818 

— — chloride,  815 

—  ethereal  solution 

of,  817 

colour  destroyed  by 

palladium,  835 

— — crystals,  814 
cyanuret,  818 

— — deutoxide,  815 

— — ductility,  814,863 
— ■ — ethereal  solution, 81 7 
- — — fusing-point,  814 

fusion,  crucibles  for, 

863 

iodide,  818 

— ■ — malleability,  814 

muriate,  816 

oxides,  814 

*  perchloride,  816 

■ — — peroxide,  815 
phospliuret,  818 

*  physical  properties, 


814 


properties,  814 

protochloride,  815 

— — protoxide,  814 
salts,  their  general 

characters,  821 

—  solution  in  nitro-mu- 

riatic  acid,  389 

— — ■ specific  gravity,  814 
■ — • — sulphoeyanuret,  818 

— — sulphuret,  818 
Golden  calf,  10 
> — — rod,  941 

sulphur  of  antimony, 

724 

work  of  Hermes,  4 

Goniometer,  description  and 
use  of,  115,  116 
Gooseberries,  1061 
Goose-fat,  1189 
Gorham  on  maize,  1062 
Goulard’s  extract  of  lead, 
1122 

Graham  on  alcohol,  1071 

alcoholates,  1077 

combustion  of  phospho- 
rus, 440 

crystallization,  112 

■ exosmose  and  endos- 

mose,  350 

metaphosphoric  acid, 

445 

Grain  tin,  674 
Granular  gypsum,  599 

sugar,  905, 

Grape  sugar,  905,  906 
Grapes,  1062 
- — — acid  of,  989 


Grapes,  dried,  cause  of  their 
keeping,  1066,  note 
Graphic  ore,  742 
Graphite,  or  plumbago,  463 
Gravitation,  attraction  of, 
105 

its  laws  followed  by 

electrical  powers,  230 
Gravity,  specific,  see  Specific 
Gravity 

Gray  cast-iron,  664 
Greasy  oils,  955 
Green  hydrous  carbonate  of 
copper,  706 

— quartz,  855,  note 

— sand,  699 

— verditter,  705 

— vitriol,  421 

— vitriol,  native,  648 

— wax-tapers,  329 
Gregor  discovers  titanium, 

735 

Gregory  and  Robertson, 
Drs.,  on  morphia,  1016 
Grey,  Dr.,  hints  at  the  ana- 
logy between  electricity 
and  lightning,  246 
Griffiths  on  boiling-points, 
161 

charcoal,  460 

glass,  864,  note 

Groening  on  alcohol,  1072 
Gros,  M.,  12 

Grotthus  on  biphosphuret  of 
hydrogen,  452 

sulphoeyanuret  of  co- 
balt, 688 

sulphurous  acid,  420 

Grouvelle  on  bismuth,  730 

nitrate  of  mercury,  793 

Guaiacum,  977?  note 

action  of  nitric  acid  on, 

977,  note 

tincture  of,  a test  for 

copper,  977,  note 

officinale , 1053 

Guerin- Varry  on  hydro xalic 
acid,  1004-1006 

on  mucilage,  896 

Guibourt  on  castor  oil,  954, 
note 

on  oxide  of  mercury, 

785 

Gum,  action  of  chlorine  on, 
895 

nitric  acid  on,  895, 

1004 

salifiable  bases  and 

salts  on,  895 

— — sulphuric  acid  on, 

895 

— composition  of,  896 

— sources,  modifications, 

and  properties,  894 

— ultimate  analysis,  896 

— arabic,  894 


Gum  arabic,  sp.  gr.  of,  894 

— Senegal,  896 

— tragacanth , 894 

— resins,  977,  note 
Gummate  of  lead,  896 
Gun-barrel  apparatus  for 

making  potassium,  535 
Gunpowder,  anagram  of  its 
composition,  7 

analysis  of,  554 

combustion  of  under 

water,  554 

composition  of,  552 

ejjr ouvette  for,  553 

explosive  force  of,  554 

inflamed  by  electricity, 

299 

percussion,  554 

made  with  chlorate  of 

potassa,  543 

manufacture  of,  553 

preparation  of  charcoal 

for,  460 

for  percussion-caps, 

544 

products  of  when 

burned,  552 

proportion  of  charcoal 

in,  552 

nitre  in,  552 

— sulphur  in,  552 

strength  determined, 

553  ^ 

varieties  of,  552 

Guyton  Morveau  on  nomen- 
clature, 91 

on  the  combustion  of 

the  diamond,  467 
Gymnoti,  experiments  with, 

300 

Gymnotus,  299 

described  by  Hunter, 

299 

effects  of  witnessed  by 

Humboldt,  300 

electrical  effects  of 

upon  horses,  300 
Gypsum,  598,  599 

derivation  of  the  term, 

599,  note 

anhydrous,  599 

granular,  599 

massive,  599 

satin,  599 

Hsemachrome,  1144 
Haematite,  642 
Heematosyn,  1144 
Hoematoccylon  campechianum , 

1054 

Hagen  on  lignum  vitae,  1053 
Haidinger  on  anhydrous  sul- 
phate of  soda,  579 
Hail-stones,  their  crystalline 
structure,  356 
Hair,  composition  of,  1184 
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Hair,  head  of,  electrical,  23G 

— pyrites,  690 

— salt,  G24 

H ales,  Dr.,  apparatus  of,  47 

experiments  on  air,  48 

pneumatic  chemis- 
try, 47 

respiration,  48 

vegetation,  49 

Haliographia  of  Basil  Valen- 
tine, 18 

Hall,  Sir  ,T.,  on  the  action 
of  heat  upon  chalk  un- 
der pressure,  605 

Dr.  M.,  on  the  action 

of  water  on  metals,  52G 
PI  allam  compares  Roger  Ba- 
con with  Ld.  Bacon,  6 
on  the  discovery  of  gun- 

*J  O 

powder,  7 

Halley  on  magnetism,  30G 

on  thermometers,  42 

Hallstrom  on  maximum 
density  of  water,  129, 
note 

Halogenia,  318 
Halogens,  319 
Haloide  salts,  524 
Hansteen  on  magnetism, 
306 

Hard  soaps,  958 

— waters,  598 

solution  of  soap  a test 

for,  959 

Hardening  steel,  G66 
Hardness  of  metals,  518 
Hare,  Dr.,  his  voltaic  appa- 
ratus, 267 

Harmotome,  614,  note 

barytic,  861 

Harris  on  electricity,  243 

magnetism,  305 

Hartshorn,  spirit  of,  1131 
Hassenfratz  on  mineral 
waters,  1211 
Hatchetine,  982 
Hatchett  on  albumen,  1139 

alloys  of  gold,  533,  726, 

818^  819 

analysis  of  antimonial 

compounds,  727,  note 

antimony,  720 

artificial  tannin,  927,  n. 

benzoic  acid,  974 

bismuth,  728 

bitumens,  982 

Bournonite,  727,  note 

camphor,  968 

columbium,  781 

gelatine,  1180 

indigo,  946 

lac,  940 

magnetism,  307 

mucus,  1165 

phosphuret  of  iron,  649 

shell  and  bone,  1191 


Hatchett  on  sulphuret  of 
iron,  645 

synovia,  1166 

Hauy  on  crystals,  114,  118 

native  chromate  of  lead, 

772 

primitive  forms,  118 

Head  of  hair,  electrical,  236 
Heartwood,  871 
Heat,  123 

— Black’s  experiments  on 

the  capacity  of  bodies 
for,  148 

— Black  on  that  of  liquefac- 

tion, 152 

— Blagden,  Sir  C.,  on  its 

evolution  during  con- 
gelation, 154 

— Cagniard  de  la  Tour,  his 

experiments  on  that  of 
vapours,  166 

— Celsius,  his  scale  for  de- 

grees of,  138 

— Chantrey  on  its  bad  con- 

duction by  air,  146 

— Clement  and  Desormes 

on  that  of  air,  150 

— Dalton  on  that  of  vapour, 

167 


— Daniell,  his  pyrometer  for 

measuring,  140 

— Davy  on  its  radiation  by 

mirrors,  188,  in  vacuo 

— — on  its  retention,  194 

— — that  of  flames,  205 

— Delaroclie  and  Berard  on 

that  of  gases,  149 

— Dulong  and  Arago  on  that 

of  steam,  164 

and  Petit  on  expansion 

of  solids  by,  125 

—  air  by,  132 

on  specific,  149 

— Fahrenheit’s  scale  for  de- 

grees of,  138 

— Florentine  Academicians, 

their  experiments  on, 

137 


— Franklin  on  its  loss  in 

vacuo,  196 

— Fresnel  on,  123 

— Gay  Lussac  on  its  effects 

upon  liquids,  158 

— Griffiths  on  that  of  boil- 

ing solutions,  161 

— Herscliel,  Sir  J.,  on  its 

conduction,  142 

— — on  that  of  the  prisma- 

tic spectrum,  186 

— Home,  Sir  E.,  on  its  ab- 

sorption by  black  skin, 


191 

— Hooke’s  data  for  ascer- 

taining degrees  of,  138 

— Ingenhousz  on  its  conduc- 

tion, 143 
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Heat,  Lavoisier’s  experi- 
ments on,  148 

— Leslie  on  its  radiation, 

187 

— Leslie’s  table  of  radiators 

of,  194 

— Mayer  on  its  conduction, 

143 

— Melloni  on  its  passage 

through  diathermous 
bodies,  193 

— Newton’s  data  for  ascer- 

taining degrees  of,  138 

— — ideas  concerning  it, 

192,  and  note 

— Pearsall  on  phosphori  by, 

200 

— Pictet  on  its  absorption  by 

a blackened  thermome- 
ter, 191,  note 

— Reaumur’s  scale  for  de- 

grees of,  138 

— Rumford,  Count,  on  its 

conduction,  143 
on  its  loss  in  vacuo,  196 

— Scheele  on  its  radiation, 

187 

— Stark  on  its  radiation,  191 

note 

— Taylor,  Dr.  B.,  tests  the 

accuracy  of  the  ther- 
mometer as  a measure 
of,  140 

— Ure’s  table  of  expansion 

of  solids  by,  125 

table  of,  in  melting  or 

congealing,  156 

that  of  boiling 

points,  160 

— W alker  on  its  abstraction 

by  freezing  mixtures, 
155 

— Watt’s  estimate  of  the 

bulk  of  steam,  158 

— W edgwood,  his  pyrometer 

for  measuring,  140 

— Wells,  Dr.,  on  its  radia- 

tion in  nature,  202 

— absorption  of  by  air  in  ex- 

panding, 151 

by  black  surfaces,  190 

— — bodies  liquefying,  153 

ice  in  liquefying,  153 

metals  in  melting,  153 

unmetallic  surfaces, 

190 

— abstraction  of,  147 

— accelerates  vaporization, 

167 

— action  of,  on  chalk,  605 

fixed  oils,  952 

metals,  518 

— — oxalic  acid,  998 

— — wood,  920 

— accompanies  intense  che- 

mical action,  212 
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Heat,  aeriform  bodies  expand 
by,  124,  132 

— affinity,  chemical,  affected 

by,  211 

— air  a conductor  of?  145 

— — a very  imperfect  con- 

ductor of,  145 

— - — confined,  a bad  con- 

ductor of,  147 

— • — its  change  of  bulk  by, 

132 

expansion  by,  and 

consequent  levity,  133 

— alcohol,  its  expansion  by, 

128 

— animal,  1198 

— — its  retention  by  cloth- 

ing, 144 

— anomalous  expansion  of 

water  by  its  removal,  1 29 

— antagonist  power  to  at- 

traction, 123 

— apparatus  for  boiling  in 

vacuo  by,  163 

— ascending  currents  of  in 

water,  131,  132 
• — attraction  opposed  by,  123 

— bad  conductors  of,  143 

— - boilers  for  experiments  on, 
163,  165 

— boiling  of  water,  138 

• — brass  and  steel  bar,  its 
expansion  by,  127 

— brick  and  stone  are  bad 

conductors  of,  146 
— - bulk  of  bodies  changed  by, 
123,  124,  132 

— capacity  for,  147 

—  affected  by  density,  1 50 

— — capacity  of  mercury  for, 

148 

oil  and  water  for,  148 

water  for,  148 

• — cause  of  unknown,  123 

— chemical  affinity  affected 

by,  211 

— charcoal  the  worst  con- 

ductor of,  146 

— chronometers  affected  in 

their  rate  by,  127 
— - combined,  152 

— comparative  conducting 

power  of  bodies  for,  146 
• — compensation  bars,  to 
counteract  the  eff  ects  of, 
128 

■ pendulum,  how  affect- 

ed by,  128 

— compound  bar  of  metal 

expanded  by,  127 

— conducted  by  liquids  with 

difficulty,  144 

— ■ — metals  with  facility,  143 

— conducting  power  of  bodies 

for,  general  remarks  on, 
146 


Heat,  conducting  power,  com- 
parative, of  bodies  for, 
146 

of  solids  for,  143 

— conduction  of,  affected  by 

texture,  144 

— conduction  of,  by  gases, 

145 

by  liquids,  144 

solids,  142 

— conductors  of,  143 

— congelation  evolves  it,  1 54 

— currents  of,  ascending  in 

water,  131,  132 

— decrepitation  of  salts  by, 

109 

— degree  of,  proper  for  tem- 

pering steel,  666 

— degrees  of  indicated  by 

the  pyrometer,  140 

—  thermometer,  137 

— density  affects  capacity 

for,  150 

— dilation  linear  of  solids  by, 

125 

— earthy  substances  are  bad 

conductors  of,  143,  146 

— effects  and  sources  of,  123 
• — effects  of,  ascribed  to  a 

substance,  123 

— — upon  the  form  and 

states  of  bodies,  152 
on  liquids,  158 

— emissive  and  receptive 

powers  in  regard  to,  193 

— evolved  by  change  of  state, 

150,  154,  156 

— exception  to  the  law  of 

expansion  by,  129 

— expands  all  pure  aeriform 

bodies  alike,  132 

— expansion  by,  and  con- 

traction by  cold,  123, 
124 

— generally  temporary, 

123,  124 

exception  to  this  law, 

129 

important  to  be  known 

to  the  engineer,  127 

— expansion  of  aeriform  bo- 

dies by,  124,  132 

air  by,  and  consequent 

levity,  133 

applied  to  thermo- 
meters, 141 

alcohol  by,  128 

bars  of  compound  me- 
tals by,  127 

bodies  by,  123 

glass  and  platinum  by, 

124 

— — iron  structures  by,  127 

— — liquid  carbonic  acid  by, 

471 

- — • — liquids  by,  123,  128 


Heat,  expansion  of  liquids  by, 
applied  to  thermome- 
ters, 137 

mercury  by,  128 

metals  by,  124 

solids  by,  123,  124 

applied  to  pyrome- 
ters, 140 

— — steam  by,  132 

— — vapours  by,  124,  132 

— expansion,  anomalous  of 

water,  by  its  removal, 
129 

— — permanent  of  zinc  by, 

125 

unequal  of  metals  by, 

127 

— escape  of,  by  radiation,  1 45 

— — from  viscid  liquids,  145 

— evolution  of,  by  chemical 

action,  150 

by  compression  of  air, 

150 

— — congelation,  154 

— — germination,  878 

— — steam  from  water  by, 

159 

— fusion  by,  preceded  by 
• softening,  150,  note 

— gases,  their  specific,  150 

— gems  are  good  conductors 

of,  143 

— glass  and  platinum  expand 

equally  by,  124 

— imperfect  conductors  of, 

144 

— inconvenience  of  its  effects 

on  delicate  instruments, 

127 

— insensible  to  the  thermo- 

meter, 153 

— iron  structures  expand  by, 

127 

— latent,  151 

— - — of  vapour  of  alcohol, 

1072 

— — vapours,  165 

— — water,  135 

— length  of  the  pendulum 

affected  by,  127 

— linear  dilatation  of  solids 

by,  125 

— liquefaction  absorbs  it,  153 

— liquids  affected  by,  1 58 
compounds  of  solids 

with,  156 

expand  by,  123,  128 

— — imperfect  conductors 

of,  144 

— — rendered  lighter  by, 

131 

— loss  of  during  liquefaction, 

153 

— — vaporization,  164 

— matter  of,  called  caloric , 

123 
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Heat,  matter  of,  highly  atte- 
nuated, 123 

— measures  of,  137,  140 

— mercury,  its  capacity  for, 

148  ^ 

— mercury,  its  expansion 

by,  128 

— metals  and  wood,  their 

comparative  conducting 
power  for,  146 

— metallic  surfaces  good  re- 

flectors of,  188,  100 

— metals  conduct  it  with  fa- 

cility, 143 

— — their  expansion  by, 

125 

— natural  of  the  body,  its 

retention  by  clothing, 
144 

— nature  of,  general  obser- 

vations on,  123 

— of  boiling-points,  159 

— — influenced  by  extra- 

neous matters,  150 

—  pressure,  159,  163 

— of  boiling  water  influenced 

by  dissolving  salts,  161 

— of  combustion,  204,  207 

— ebullition,  161 

— fires  and  furnaces  mea- 

sured, 140 

— flames,  206,  208 

— flame  cooled  by  wire- 

gauze,  208 

— fluidity  of  water,  156 

— high-pressure  steam,  163, 

164 

— ignition,  204,  207 

— melting  and  congealing 

points,  156 

— prismatic  spectrum,  186 

— steam,  158,  163,  164 

— — its  economical  appli- 

cations, 166 

— — under  pressure,  163, 

164 

— — and  water  similar,  158 

— temperature,  148 

• — voltaic  arc  of  flame,  269 

— oil  and  water,  their  ca- 

pacity for,  148 

— opposed  to  attraction,  123 

— pendulum  affected  in  its 

rate  by,  127 

— phosphorescence  induced 

by,  199 

— platinum  and  glass  expand 

equally  by,  124 

— porous  animal  and  vege- 

table substances  are  bad 
conductors  of,  143 

— practical  applications  of 

its  effects,  128,  146 

— proper,  of  ail’,  for  warm- 

ing, 135 

— — apartments,  134 


Heat,  pyrometers  for  indica- 
ting degrees  of,  140 

— quantity  of,  in  different 

bodies,  148 

— radiant,  186 

— — economical  applica- 

tions of  195 

matter,  its  operation  in 

producing,  186 

• metals  bad  receivers 

of,  193 

— — passage  of,  through 

glass,  192 

— — reception  of,  affected 

by  colour,  190 
solar,  186 

—  and  terrestrial  dif- 

ference between,  191 

— — terrestrial,  186 
affected  by  texture, 

190 

transmitted  by  dia- 

thermous  bodies,  193 

unmetallic  bodies  good 

receivers  of,  193 

— radiation  of,  186 

affected  by  surface,  190 

-by  plants,  202 

— — from  fires,  195 

— - — in  right  lines,  187 

— — in  vacuo,  188 
its  effects  in  nature, 

201 

— — mirrors  for,  188 
the  cause  of  dew,  201 

— radiators  of,  193 

— receivers  of,  193 

— reception  and  retention  of, 

influenced  by  surface, 
186,  190 

— receptive  power  of  bodies 

regarding,  190 

— reflection  of,  187 

affected  by  surface,  190 

by  metallic  surfaces, 

190 

by  mirrors,  188 

— refraction  of,  44 

— retention  of  animal,  by 

clothing,  144 

— scales  of  degrees  of,  139 
— ■ sensation  of,  123 

— sensible,  its  loss  during 

the  production  of  va- 
pour, 164 

— silver  the  best  conductor 

of,  143 

— solar  radiant,  absorbed  by 

black  surfaces,  191 

colour  affects  its 

reception,  191 

— solids  conduct  it,  142 

expand  by,  123,  124 

produce  liquids  with, 

156 

— specific,  147 


Heat,  specific,  formula  for 
ascertaining,  148 

of  gases,  150 

various  bodies,  149 

gravity  changed  by 

131,  135 

— steam  expands  by,  132 

— surface  influences  its  re- 

ception and  retention, 
186,  190 

— temporary  expansion  by, 

123,  124 

- — term  applied  both  to  cause 
and  effect,  123 

— terrestrial  radiant,  colour 

does  not  affect  its  re- 
ception, 190 

— texture  of  fabrics  affects 

their  conduction  of,  144 

— theory  of,  applied  to  the 

steam-engine,  171 

— thermometers  for  indicat- 

ing degrees  of,  137 

— unequal  expansion  of 

metals  by,  127 

— universal  presence  of,  123 

— unmetallic  bodies  bad  re- 

flectors of,  190 

— vapour  caused  by,  158, 

161 

— ventilation  dependent  up- 

on, 133 

— water  expands  by  its  re- 

moval, 129 

— weight  of  water  changed 

by,  131 

— welding  of  metals  by,  150, 

note 

— woods  bad  conductors  of, 

143 

— zinc,  its  permanent  ex- 

pansion by,  125 
Heavens,  appearance  of  dur- 
ing a thunder-storm, 251 
Heavy  inflammable  air,  481 

— oil  of  wine,  1092 

— spar,  611 
Heavystone,  739 

Heeren  on  hyposulphate  of 
baryta,  610 

—  copper,  703 

lead,  716 

lime,  598 

magnesia,  623 

hyposulphite  of  soda, 

577 

quater-liydrated  hypo- 

sulphate  of  baryta,  610 

rocellic  acid,  965,  note 

Heights  accessible,  measured 
by  the  barometer,  400 
Heliacal  arrangements  for 
electro-magnetism,  312 
Heliotrope,  855,  note 
Helix,  electro-magnetic,  313 
1 Hellebore,  white,  1035 
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Hellot’s  sympathetic  ink, 
685 

Helmont,  Van,  23 
Helvetius,  his  brief  of  the 
golden  calf,  10 
— relation  of  a trans- 
mutation, 10 
Helvetia  mitra,  1050 
Hematin,  its  preparation  and 
properties,  937 
Hemlock,  extract  of,  1056 
Hemp-oil,  954 
— seed,  1059 
Henbane,  1037,  1056 

extract  of,  1056 

seed,  1059 

Henly’s  quadrant  electro- 
meter, 240 

Hennell  on  elaterium,  1046 

elatin,  1046 

ether,  1089,  1092 

• hydrocarbons,  494 

oil  of  wine,  1092 

sulpliovinic  acid,  1095 

white  precipitate,  791 

Henry,  Dr.,  delineates  the 
characters  of  Davy  and 
Wollaston,  104 

on  air  in  water,  357 

carbonate  of  magnesia, 

627 

carbonic  acid  gas,  474 

oxide,  465 

citrate  of  iron,  1008 

eudiometry,  409 

hydrocarbons,  490 

hydrogen,  349 

— — glacial  phosphoric  acid, 
602 

iodide  of  magnesium, 

627 

muriatic  acid  gas,  361 

sulphate  of  magnesia, 

624 

urine,  1174 

and  Dalton  on  the  sp. 

gr.  of  bihydroguret  of 
carbon,  481 

Henry,  M.  O.,  on  bromide  of 
calcium,  596 

on  conia,  1039 

horse-chestnut  bark, 

1052 

saffron,  942 

strychnia,  1032 

Henry,  junr.,  on  bromide  of 
barium,  608 

and  Garot  on  sulpho- 

sinapic  acid,  956 
Hepatic  air,  72 
Herbert  on  expansion  by 
heat,  126 
Herbs,  1054 
Hermes  Trismegistus , 4 
Herschel,  Sir  J.,  on  conduc- 
tion of  heat,  142 


Herschel,  Sir  J.,  on  double 
refraction  of  hyposul- 
phite of  strontia,  617 

electricity  as  connected 

with  vitality,  300 

hydrosulphuret  of  lime, 

597 

hyposulphite  of  baryta, 

609 

— lead,  716 

lime,  597 

— silver,  807 

strontia,  617 

hyposulpliurous  acid, 

431 

light,  174,  note 

Sir  W.,  on  the  pris- 
matic spectrum,  183 

— radiant  heat,  186 

Hessian  crucibles,  863 
Heterogeneous  attraction, 21 1 
Hexacetate  of  lead,  1122 
Hibbert,  Dr.,  discovers  na- 
tive hydrate  of  mag- 
nesia, 620 

Hielm  on  molybdenum,  759 
Hierne  the  analyst,  70 
Higgins,  his  comparative 
view,  &c.,  40 

on  acetate  of  lime,  1117 

affinity,  40 

atomic  theory,  40 

nitrate  of  copper,  700 

High-pressure  steam,  163 
Hill,  Sir  John,  28 
Hill’s  patent  process  for 
making  sulphuric  acid 
without  nitre,  427 
Hippuric  acid,  975,  1179,  w. 
Hircate  of  ammonia,  1187 

baryta,  1187 

potassa,  1187 

Hircic  acid,  1158 
Hircin,  1186 

Hissinger  and  Berzelius 
discover  cerium,  739 
History  of  alchymy,  4 

analytical  chemistry,  70 

chemistry,  1 

the  theory  of  combus- 
tion, 30 

Hochener,  Philip,  21 
Hoffman’s  anodyne  liquor, 
1087 

on  magnesia,  55 

Hogs’ -lard,  1185 
Homberg,  28 

on  boracic  acid,  28 

Homberg’s  phosphorus,  593 

pyrophorus,  28,  82,  851 

sedative  salt,  510 

Home,  Sir  E.,  on  the  rete 
mueosum , 191 

on  digestion,  1194 

Holder  for  magnets,  307 
Hollow  structure  of  flame, 207 


Homogeneous  attraction,  105 

yellow  light,  206 

Honey,  906 

stone,  984 

Hooke,  29 

hints  at  oxygen,  32 

his  lampas,  32 

micrographia,  31 

views  of  combustion,  32 

the  ebullition  of  water, 

138 

on  thermometers,  138 

Hope  on  borate  of  strontia, 
619 

melting-point  of  sul- 
phur, 157 

oxalate  of  strontia,  1 002 

strontia,  615 

Hope’s  eudiometer,  409 
Hops,  active  principle  of, 
1046,  note 

— extract  of,  1059 

— use  of  in  brewing,  1064 
Hordein,  911,  note 
Hordeum  vulgar e , 922,  1056 
Hornblende,  860 

Horn  silver,  803 
Horse-chestnut  bark,  966, 
note,  1052 

— radish,  1050 

Horses  killed  by  gymnoti,300 
Hot  air-blast  in  iron  fur- 
naces, 660,  662,  note 
Houses,  conductors  for,  249 

heating  of,  132 

Howard,  Hon.  E.,  78 

Mr.,  on  fulminating 

mercury,  797 

silver,  810 

sugar-refining,  901 

Huber’s  observations  on 
wax,  957 

Hulme,  Dr.,  on  phospho- 
rescence, 200 
Human  bile,  1161 

blood,  1137 

fat,  1185 

milk,  1157 

sweat,  1198,  note 

coloured,  1198,  note 

urine,  1167 

Humboldt  on  gymnoti,  300 
Humine,  923 
Humus,  923 

Humulus  lupulus,  1046,  note, 
1059 

Hunter  on  the  gymnotus,299 
Huygens  on  light,  173 
Hyacinths  of  Compostella,85  5 
note 

Hydracids, their  combinations 
with  etherine,  1105 

methylene,  1126 

salts  of,  524,  note 

Hydrargo-perchlorides,  790 
iodides,  792 
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Hydrargyrate  of  ammonia, 

786 

Hydrargyri  nitrico  oxidum, 

793 

oxidum  cinereum , 784 

oxidum  rubrum , 7 85 

sulphuretum  nigrum , 

794 

Hydrargyrum , 784 
Hydrate  of  alumina,  850 

•  * baryta,  COG. 

bromine,  345 

brucia,  1034 

eampliogen,  9 GO 

carbon,  922,  894 

defined,  357 

chlorine,  331 

etherine,  1088 

lime,  591 

lithia,  589 

magnesia,  artificial  and 

native,  G20 

morphia,  1016 

oil  of  turpentine,  969 

potassa,  538 

quinia,  1026 

silica,  856 

soda,  572 

strontia,  615 

zirconia,  843 

Hydrated  acetic  acid,  1115 

arsenic  acid,  747 

arseniate  of  lime,  749 

nickel,  751 

binarseniate  of  baryta, 

749 

•  bisilicate  of  magnesia, 

860 

boracic  acid,  511 

butyric  acid,  1 1 53 

carbonate  of  ammonia, 

476 

magnesia,  627 

— - — chloride  of  calcium,  593 

chromium,  773 

— copper,  700 

zirconium,  844 

columbic  acid,  783 

cyanate  of  ammonia, 

1169 

deutoxide  of  antimony, 

721 

molybdenum,  789 

dicarbonate  of  copper, 

705 

dichloride  of  copper,  699 

hyponitrite  of  etherine, 

1099 

iodic  acid,  343 

mangancsic  acid,  634 

nitrate  of  strontia,  616 

oxide  of  copper,  790 

osmium,  838 

thorinum,  847 

oxides  of  cobalt,  684 

perchloride  of  iron,  643 


Hydrated  periodic  acid,  343 

peroxide  of  barium,  606 

cerium,  749 

iron,  641 

manganese,  633 

mercury,  785,  799 

platinum,  827 

tin,  675 

phosphoric  acid,  444 

protarseniateofiron,750 

protofluoride  of  manga- 
nese, 636 

protochloride  of  iron, 

642 

tin,  676 

protoxide  of  cadmium, 

681 

cerium,  740 

chromium,  767 

iron,  640 

manganese,  631 

nickel,  689 

palladium,  834 

tin,  675 

uranium,  733 

zinc,  669 

pyromeconic  acid,  1023 

sesquioxide  of  manga- 
nese, 630 

silicate  of  lime  and  po- 
tassa, 869,  note 

stearic  acid,  969 

subchloride  of  lime,  595 

subnitrate  of  bismuth, 

730 

subperarseniate  of  cop- 
per, 750 

subperiodide  of  iron, 

644 

- — - subphosphate  of  alu- 
mina, 853 

of  copper,  705 

telluric  acid,  743 

Hydriodate  of  ammonia,  398 

lime,  595 

potassa,  546 

strontia,  616 

Hydriodic  acid,  367 

acid  gas,  diagram  of  its 

composition,  388 

its  preparation  and 

properties,  367 

| acid  liquid,  368 

gas,  its  sp.  gr.,  368 

ether,  1107 

Hydriodide  of  carbon,  486 
Hydriodous  acid,  369 
Hydrobromic  acid  gas,  369 

its  sp.  gr.,  369 

acid  liquid,  369 

ether,  1107 

I Hydrobromide  of  carbon,  486 
Hydrocarbon,  sulphate  of, 
1092 

Hydrocarbonate,  483 
i Hydrocarbons,  480,  490,  967 
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Hydrocarbons,  action  of  chlo- 
rine on,  485 

affect  crystals,  113 

isomerism  of,  480 

nomenclature  of  diffi- 
cult, 490 

Hydroearburet  of  bromine, 
486 

of  chlorine,  485 

iodine,  486 

liquid,  489 

Hydrocarburets,  480 
Hydrochlorate  of  ammonia, 
396 

Hydrochloric  acid  gas,  360 

ether,  1105 

Hydrochloride  of  carbon,  485 
Hydrocvanate  of  ammonin, 
507 

potassa,  568 

soda,  587 

Hydrocyanates,  metallic,  532 
Hydrocyanic  acid,  504 

action  of  on  metals, 

532 

contained  in  fruits, 

505 

diluted,  formula  for 

preparing,  506 
formula  for  its  pre- 
paration for  medical 
use,  505 

poisonous  nature  of, 

505 

preparation  and  pro- 
perties of,  504 

— strength  of  tested, 

506 

tests  of  its  presence, 

506 

ether,  1108 

Hydrocyanoferric  acid,  654 
Hydrogen,  apparatus  for  ge- 
nerating, 349 

arsenuretted,  753 

assumed  as  unity,  348 

carburetted,  light,  481 

circumstances  under 

which  it  does  not  ex- 
plode with  oxygen,  415 

derivation  of  the  term, 

347 

examined  by  Caven- 
dish, 347 

exosmose  and  endos- 

mose  experiments 
with,  350 

explodes  with  air  or 

oxygen,  348,  349 

— chlorine,  380 

heat  and  purity  of  its 

flame,  206 

jet  of,  apparatus  for, 

'349 

nascent,  433 

permanently  elastic,  34  8 
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Hydrogen,  phosphuretted, 
450,  000 

potassiuretted,  548 

pure,  348 

quadrocarburetted,  490 

reduces  nitrate  of  silver, 
805 

seleniuretted,  4 50 

subphosphuretted,  451 

sulphuretted,  433 

— its  action  on  metals, 

529 

see  sulphuretted  hy- 
drogen, 433 

supersulphuretted,  430 

telluretted,  743 

water  produced  by  its 

combustion,  351 

•  its  absorption  by  char- 

coal, 401 

its  action  on  metals,  520 

upon  platinum, 

353 

application  to  instan- 
taneous light-macliine 
by  Volta,  350 

attraction  for  metals, 

353 

•  attraction  for  plati- 

num, 353 

•  — bicarburet,  487 

•  biphosphuret,  452 

bisulphuret,  436 

bisulphuret,  specific 

gravity  of,  436 

combustion  in  air  or 

oxygen  produces  water, 
351 

in  chlorine,  301 

from  a small  jet 

produces  musical 
sounds,  350 

with  oxygen  pro- 
duces water  or  prot- 
oxide of  hydrogen,  351 

combustibility  not 

affected  by  rarefaction, 
414 

— decantation  ? per  as- 

censum , 349 

effects  upon  the  voice, 

348 

— employment  for  bal- 
loons, 350 

evolution  from  muri- 
atic acid,  365 

existence  in  animal 

and  vegetable  matters 
and  water,  347 

in  sulphur,  41 7, n. 

■ explosion  with  atmo- 

spheric air,  348 

oxygen,  349 

— facility  of  passage 

through  organic  tissues, 
350 


Hydrogen,  its  flame,  414 

used  for  exciting 

intense  heat,  350 

levity,  348 

— mixture  with  oxygen 

analyzed  by  spongiform 
platinum,  353 

nascent  state,  450 

odour,  347 

peroxide,  358 

— properties  of,  300 

sp.  gr.  of,  360 

— properties,  348 

protoxide,  351 

sources,  347 

specific  gravity  de- 
termined, 348 

tendency  to  mix  with 

other  gaseous  bodies, 
350 

union  with  arsenic, 

753 

carbon,  480 

chlorine,  300 

affected  by  ex- 
pansion, 301 

cyanogen,  504 

• fluorine,  370 

iodine,  367 

nitrogen,  391 

with  oxygen  by 

compression,  352 

oxygen,  affected 

by  expansion,  353 

phosphorus,  450 

potassium,  548 

■ selenium,  456 

sulphur,  433 

tellurium,  743 

Hydro-oxygen  blowpipe  first 
made  by  Newman,  im- 
proved by  others,  350 
Hydroferrocyanic  acid,  654 
Hydrofluate  of  ammonia,  398 
Hydrofluoric  acid,  370 
its  probable  compo- 
sition, 371 

Hydroguret  of  carbon,  483 

its  combustibility, 

483 

composition,  484 

olefiant  gas,  its  pre- 
paration, 483 

of  carbon,  its  specific 

gravity,  483 

phosphorus,  450 

Hydrometer  for  specific  gra- 
vities, 137 

Hydrophane,  855,  note 
Hydrophosphoric  gas,  451 
Hydrophosphorous  acid,  451 
Hydrophosphuret  of  lime,  600 
H ydropneumatic  apparatus, 
323 

Hydroselenic  acid,  456 
Hydroselenio-cyanic  acid,  508 


Hydrosulphate  of  ammonia, 
435 

Hydrosulphates,  434 

metallic,  529 

Hydrosulpliocyanic  acid,  507 
Hydrosulphuret  of  ammonia, 
435 

its  action  upon  me- 
tallic solutions,  530 

bismuth,  731 

lime,  597 

potassa,  how  produced, 

555 

potassium,  555 

soda,  577 

strontia,  617 

Hydrosulpliuretted  oxides, 
529 

oxide  of  antimony,  724 

cobalt,  681 

manganese,  636 

Hydrosulpliuric  acid,  433 
Hydrosulphurous  acid,  435 
Hydrothionic  acid,  433 
Hydrous  sulphate  of  lime, 
599 

Hydro xalate  of  lime,  1005 

lead,  1005 

Hydroxalic  acid,  1004 

anhydrous,  1006 

its  preparation  and 

properties,  1004 

its  sp.  gr.,  1005 

Hydroxanthic  acid,  509 
Hydruret  of  arsenic,  753,  754 

benzule,  972 

bismuth,  730 

potassium,  548 

tellurium,  743 

Hydrurets,  metallic,  526 
Hygrometric  powers  of  sul- 
phuric acid,  423 

property  of  potato- 

starch,  915 
Hygroscopes,  411 
Hygrometer,  Daniell’s,  411 

De  Luc’s,  411 

Saussure’s,  411 

Wilson’s,  411 

Hyoscyamia,  1037 
Hyoscyamns  niger , 1037, 
1056,  1059 

Hyponitrite  of  ammonia,  398 
— — lead,  380 

oxide  of  ethule,  1 099 

potassa,  551,  389 

silver,  807 

Ilyponitrites,  how  formed, 
380 

Hyponitrous  acid,  379 

ether,  1098 

Hypophosphite  of  ammonia, 
442 

baryta,  612 

cobalt,  687 

lime,  600 
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Hypophosphite  of  magnesia, 

625 

manganese,  638 

■ mercury,  70  6 

nickel,  GDI 

potassa,  5G0 

strontia,  618 

soda,  582 

• zinc,  672 

Hypopliospliites,  442 

metallic,  531 

Ilypophosphorous  acid,  441 
Hyposulpliate  of  baryta,  431, 

bismuth,  731  [610 

cadmium,  682 

cerium,  741 

cobalt,  686 

copper,  703 

indigo,  946,  note 

lead,  716 

lime,  598 

magnesia,  623 

manganese,  636 

mercury,  705 

potassa,  557 

protoxide  of  iron,  646 

silver,  808 

strontia,  617 

zinc,  67 1 

Hyposulphates,  metallic,  528 
Hyposulphite  of  baryta,  609 

bismuth,  731 

— — cobalt,  686 

copper,  703 

lead,  71 6 

lime,  598 

magnesia,  623 

manganese,  636 

mercury,  795 

potassa,  557 

potassa  and  silver,  808 

protoxide  of  iron,  646 

silver,  807,  809 

silver  and  potassa,  808 

soda,  577 

strontia,  617 

tin,  679 

zinc,  670 

Hyposulphites,  metallic,  528 
their  general  charac- 
ters, 431 

Hyposulpliuric  acid,  431 
its  action  on  metals, 

528 

Hyposulphurous  acid,  430, 

435 

its  action  on  metals, 

528 

Iatrophic  acid,  955 
Ice,  356 

— absorbs  heat,  153 

— a non-conductor  of  elec- 

tricity, 356 

— at  the  bottom  of  streams, 

295 


Ice,  heat  absorbed  by,  during 
liquefaction,  153 

— lighter  than  water,  130 

— liquefies  and  absorbs  mu- 

riatic acid  gas,  363 

— obtained  in  Bengal,  203 

— procured  in  vacuo,  168 

— produced  during  evapora- 

tion, 168 

— specific  gravity  of,  130 

— bearer,  or  cryophorus, 

169 

Ieeland-moss,  1055 
Iceland-spar,  its  double  re- 
fraction, 178 

Identity  of  electricity  with 
lightning,  248 

voltaic  and  common 

electricity,  295 
Idrialine,  495 
Igasuric  acid,  1032 
Ignition,  204,  207,  417 

heat  of,  204,  207 

light  of,  186 

in  condensed  air,  417 

of  compound  wires  by 

electricity,  271 
Illumination,  light  of,  206 
Images  doubled  by  refraction, 
178 

Immediate  principles  of  vege- 
tables, 894 

Imperfect  conductors  of  heat, 
145 

electricity,  226 

Imponderable  matter,  173 
Impurities  in  water  affect  its 
ultimate  electrical  ana- 
lysis, 278 

Incandescence,  186,  204 
Incandescent  bodies,  204 
Inch,  cubic,  of  water,  weight 
of,  356 

— square,  of  surface,  pres- 

sure of  air  upon  each, 
400 

Incombustible  clothing,  446, 
587 

paper  and  wood,  859 

Incompatible  medicines,  37 
India  sugar-candy,  905,  note 
Indian  steel,  666 
Indigo,  action  of  deoxidizing 
agents  on,  945 

heat  on,  943 

nitric  acid  on  946, 

949 

— sulphuric  acid  on, 

944 

blue,  944 

— its  ultimate  analy- 
sis, 946 

deoxidized  or  white, 945 

purple,  946,  note 

white  or  deoxidized, 945 

its  analysis,  944 


Indigo,  its  bihydrate,  946 

— colouring -matter, 

944 


— - gluten,  944 
hyposulpliate,  946,  note 
its  preparation  for  dye- 
ing, 943 

— solubility  in  sulpliu- 
rie  acid,  943 

— sources,  943 

— substantive  colour, 
943 


— sulphate,  946,  note 

- — quadrihydrate,  946 

Indigofera  anil  and  I satis 
tinctoria , 943,  1056 
Indigogene,  945 

protoxide  of,  946 

Indigotate  of  ammonia,  950 

baryta,  950 

copper,  951 

iron,  951 

lead,  950,  951 

lime,  950 

magnesia,  950 

mercury,  951 

potassa,  959 

silver,  951 

soda,  950 

strontia,  950 

Indigotic  acid,  949 
Induced  electricity,  227 

magnetism,  303,  306 

of  iron,  305 

— of  nickel,  306 

Induction,  electrical ^ 227 

magnetic,  303 

Inertia  restrains  attraction, 
105 

Infectious  matter,  1134 

— in  air,  413 

Inflammable  air,  79,  347 

pistol,  348 

■ — heavy,  481 

— of  marshes,  481 

substances,  318 

Inflammation  by  electricity, 


Influenza  and  other  epidemics 
referred  to  the  existence 
of  seleniuretted  hydro- 
gen in  air,  457 
Ingenhousz,  Dr.,  44 

on  ethereal  vapour,  1084 

combustion  of  iron  in 

oxygen,  640 

conduction  of  heat,  143 

Inhalation  of  nitrous  oxide, 
375 


seleniuretted  hydrogen, 


457 


Inherent  electrical  states, 273 
Ink,  black,  recipe  for,  929,  n. 

— blue,  its  probable  compo- 

sition, 929,  note 

— printers’,  basis  of,  954. 
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Ink,  red,  recipe  for,  937 

— sympathetic,  blue  and 

green,  685 

—  white,  730 

Inorganic  chemistry,  317 
Insects,  fat  of,  1189 
Insensible  heat,  153 
Instantaneous  crystalliza- 
tion, 112,  156 

light  by  the  magnetic 

spark,  316 

matches,  composi- 
tion for,  544 

Instauration  of  the  Sciences , 
Bacon’s,  24 

Institution,  London,  battery 
of  the,  269 

Royal,  battery  of  the, 

269 

Instruments  for  measuring 
crystals,  115 

Insulators,  electrical,  226, 
228 

Integral  elements  of  crystals, 

118 

Intense  cold  of  the  Arctic  re- 
gions, 147 

light  of  ignited  lime,  206 

Intensity  of  electricity,  236, 
264,  272 

Interior  of  flame  non-lumi- 
nous,  207 

Intestinal  concretions,  1190 
Intoxication  produced  by 
nitrous  oxide,  375 
Inula  helenium , 1051 
Inulin,  914 

Iodate  of  ammonia,  398 

baryta,  608 

bismuth,  730 

cinch  on  i a,  1025 

iron,  644 

lead,  714 

• lime,  595 

magnesia,  622 

mercury,  792 

potassa,  546 

quinia,  1029 

silver,  804 

soda,  575 

strontia,  616 

tin,  677 

zinc,  670 

lodates,  343 

Iodide  of  aluminum,  850 

antimony,  723 

arsenic,  752 

barium,  607 

benzule,  973 

bismuth,  730 

bromine,  346 

—  cadmium,  681 

calcium,  595 

carbon,  479 

chromium,  773 

cobalt,  685 
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Iodide  of  copper,  700 

gold,  818 

hydrocarbon,  486 

lead,  714 

lithium,  589 

magnesium,  622 

manganese,  636 

mercury,  791 

molybdenum,  763 

nickel,  690 

nitrogen,  391 

■ — its  explosive  nature, 

391* 

potassium,  546 

a delicate  test  of 

electricity,  280 

silicium,  857 

silver,  804 

sodium,  575 

*  strontium,  616 

sulphur,  433 

tellurium,  743 

— — tin,  677 

zinc,  670 

Iodides,  ioduretted,  369 
Iodine,  339 

accompanied  with  bro- 
mine in  the  waters  of 
the  Mediterranean,  344 

•  a test  for  starch,  -341, 

910 

derivation  of  the  term, 

340 

obtained  from  black  ash, 

340 

kelp,  339 

liquor,  340 

sea-weeds,  340,  note 

sublimation  of,  111 

its  action  on  metals,  525 

—  starch,  345,  note 

alcoholic  solution  for 

medical  use,  340,  note 

aqueous  solution, 341 

t blue  precipitate  with 

starch,  341 

crystals,  341 

elementary  nature, 

341 

existence  in  sea- 
water and  sea-weeds, 
340  and  note 

hydrocarburet,  486 

oxide,  341 

perchloride,  344 

protochloride,  344 

preparation,  341,  n. 

presence  detected  by 

its  violet  vapour  and 
action  on  starch,  341 

specific  gravity,  341 

sources,  339  and 

note  ibid.,  340  note,  851 
tincture,  340,  note 

—  union  with  ammonia, 

397 


Iodine,  its  union  with  bro- 
mine, 346 

carbon,  479 

chlorine,  343 

cyanogen,  503 

hydrogen,  367 

metals,  525 

nitrogen,  391 

olefiant  gas,  486 

oxygen,  341 

phosphorus,  449 

—  selenium,  456 

sulphur,  483 

uses  in  the  arts,  &c., 

341 

medicine,  340,  n. 

vapour,  sp.  gr.  of, 841 

violet  vapour,  341 

Iodic  acid,  342 

action  of  on  metals, 

526 

hydrated,  343 

Iodides,  metallic,  525 
Iodite  of  soda,  342 
Iodoforme,  1107 
Ioduretted  iodide  of  potas- 
sium, 546 

iodides,  369 

Iodo-sulphuric  acid,  423 
Iodous  acid,  342 
Ions,  electrolytes  and  elec- 
tro-chemical equiva- 
lents, summary  of,  287 
Ipecacuanha,  1040 

analysis  of,  1041,  note 

Iridio-chlorides,  841 
Iridium,  its  ammonio-mu- 
riate,  840 

bichloride,  840 

— chlorides,  840 

— name,  origin  of,  840 

— oxides,  840 

perchloride,  840 

preparation,  840 

properties,  840 

protochloride,  840 

sesquichloride,  840 

sources,  840 

specific  gravity,  840 

sulphurets,  841 

Iron,  639 

— cast,  its  decarbonization, 

664 

expansion,  127 

varieties,  664 

— colours  glass,  868 

— induced  magnetism  of,  305 

— meteoric,  639,  693 

— native,  639,  693 

— pure,  664 

— refined,  664 

— steel  made  from,  by  coal- 

gas,  462 

— wrought,  664 

— • — expansion  of,  127  j 

— its  acetate,  1118 
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Iron,  its  alkaline  tincture,  644 

alloy  with  magnesium, 

658 

manganese,  658 

potassium,  658 

nickel,  630 

— zinc,  673 

alloys,  658 

ammonio-muriate,  643 

persulphate,  6 48 

ancient  symbol,  639 

arseniates,  750 

•  bicitrate,  1008 

bisulphuret,  645 

borates,  658 

boruret,  658 

bromide,  644 

carbonates,  650 

carburet,  650 

■  case-hardening,  660 

chlorates,  643 

chlorides,  642 

chromite,  7 66,  771 

citrate,  1008 

combustion  in  air,  630 

• — oxygen,  329,  640 

•  conversion  into  steel 

by  charcoal,  665  and 
note  ibid. 

steel  by  diamond- 

powder,  665,  note 

cyanurets,  651 

diphosphuret,  640 

disulpliuret,  646 

existence  in  blood, 

1145 

— ferrosesquicyanuret 

(P  russian  blue),  656 

fluoride,  644 

hydrated  subperiodide, 

644 

•  hyposulphate  of  pro- 

toxide, 646 

hyposulphite  of  pro- 
toxide, 646 

iodate,  644 

iodides,  643 

indigotate,  951 

magnetic  oxide,  641 

properties,  303 

— how  affected  by 

heating  and  cooling,  305 

manufacture,  650 

molybdates,  762 

native  oxides,  64 1 

nitrates,  644 

ores,  641 

•  reduction  of,  650 

oxalate,  1002 

•  oxide,  magnetic,  641 

oxides,  640 

native,  641 

peracetate,  1118 

perarseniate,  750 

■  perbenzoate,  076 

perborate,  65  8 


Iron,  its  percarbonate,  651 
perchloride,  642 

—  hydrated,  643 

percitrate,  1008 

periodide,  644 

permuriate,  643 

pernitrate,  644 

peroxalate,  1002 

peroxide,  641 

anhydrous,  641 

hydrated,  641 

perphosphate,  640 

persalts  precipitate 

tannin,  026 

persuccinate,  981 

persulphate,  648 

a test  for  astringent 

matter,  925 

precipitates  gallic 

acid,  932 

with  potassa,  640 

persulphocyanuret,658 

pertannate,  929 

pertartrate,  994 

phosphuret,  649 

| presence  tested,  655 

protacetate,  1118 

protarseniate,  750 

protoborate,  658 

protobromide,  644 

protocarbonate,  650 

native,  650 

protochloride,  642 

hydrated,  642 

protocyanuret  or  ferro- 

cyanogen,  651 

protiodide,  643 

protomuriate,  642 

protonitrate,  644 

protophosphate,  649 

— native,  649 

protosuccinate,  981 

protosulphate,  647 

anhydrous,  647 

crystallized,  647 

with  ammonia,  648 

potassa,  648 

protosulphite,  646 

protosulphocyanuret, 

658 

— — protosulphuret,  645 
— ■ — prototartrate,  994 

— — protoxalate,  1002 

pi’otoxide,  640 

hydrated,  640 

salts,  constitution  of, 

641 

general  characters 

of,  659 

sesquicyanuret,  655 

sesquisulphuret,  646 

silicate,  860 

silico-fluoride,  858 

subcarburet,  664,  665, 

note 

\ subperarseniate,  750 
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Iron,  its  subpersulphate,  648 

succinates,  981 

sources  and  combina- 
tions, 639,  642 

specific  gravity,  639 

sulphate  with  alumina, 

853 

with  nickel,  691 

sulphates,  646 

sulphuret  with  arsenic, 

757 

sulphurets,  645 

native,  645  [995 

tartrate  with  potassa, 

tartrates,  994 

tetra-sulphuret,  646 

titaniferous  oxide,  737 

tungstate,  780 

varieties,  664 

welding,  639 

bottle  for  oxygen,  327 

crucibles,  863 

— glance,  642 

— ore,  magnetic,  642 
micaceous,  642 

— shells  ruptured  by  freez- 

ing water,  356 

— slag,  660,  note 

— stone,  642 

argillaceous,  661 

— smelting-furnace,  660 
Irritability,  its  supposed  con- 
nexion with  electricity, 
259 

Isatis  or  woad,  943 
Iserine,  736 
Isinglass,  1182 

solution  of,  a test  for 

tannin,  925 
Isomeric  bodies,  445 

phosphates  metallic, 

531,  note 

Isomerism,  derivation  of  the 
term,  480 

of  hydrocarbons,  480 

Isomorphous  crystals  of  pla- 
tino-chlorides,  830 

salts  of  potassa,  561 

Italian  recipient  for  volatile 
oils,  965 

Ittner  on  ferrocyanuret  of 
bismuth,  731 
Ives  on  lupulin,  1046 
Ivory,  1192 

— black,  462,  1192 

Jalap,  1050 

extract  of,  1050 

Jalap  ine,  1050 
James’s  powder,  725 
Japan  copper,  703 
Jar,  electrical,  239,  240 

— — discharged  in  vacuo, 

243 

— Leyden,  charged  by  trans- 

fer, 242 
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Jargon  or  zircon,  843 
Jasper- ware,  611 
Javanese  poison,  1032 
Jelly,  animal,  1180 

vegetable,  896 

John,  Dr.,  on  angelica-root, 
1049 

cadmium,  681 

coccinellin,  939 

•  laccic  acid,  940 

manganese,  630 

*  manganesium,  630 

myricin,  958 

sulphate  of  manganese, 

638 

■ tungstate  of  manganese, 

780 

Johnson  on  carburet  of  nitro- 
gen, 501 

Dr.,  his  sarcasm  on 

Geber,  5 

Johnston  on  vanadium,  775 
Juglans  regia , 1060 
Julien  on  the  preparation  of 
succinic  acid,  979 
Juniper-berries,  1060 
Juniperus  communis , 1060 


Kane  on  ammoniuret  of  mer- 
cury, 786 

chlorides  of  mercury, 

791 

muriate  of  copper,  700 

Kalium  or  potassium,  535 
Kater  on  the  French  metre, 
127,  note,  and  1202 

the  seconds’  pendulum, 

127,  note,  and  1202 
Keates  on  the  analysis  of 
brass,  708 

Kelp,  commercial  value  of, 
ascertained,  564 

iodine,  obtained  from, 

339,  note , and  340 
mother-liquor  of,  con- 
tains iodine,  575 
Kendall  on  the  aurora  bo- 
realis, 255 

Kermes,  mineral,  724 

(vegetable),  940 

Kidd  on  naphthalin,  492 
Kilkenny  coal,  463 
Kind  on  artificial  camphor, 
970 


muriate  of  camphor, 970 

King’s  yellow,  755 
Ivinic  acid,  1030 
Kirchoff  on  gluten,  917 

starch  and  sugar,  911 

Kirwan  on  carbonate  of 
magnesia,  627 

1 mineral  waters,  1205 

nitrate  of  baryta,  609 

Kite,  electrical,  of  Franklin, 
248 

■ Romas,  249 


Klaproth,  the  analyst,  his 
works,  76 

on  arsenic,  745 

■  bismuth,  729 

carbonate  of  copper, 

706 

magnesia,  627 

harmotome,  614,  note 

mineral  waters,  1214 

moroxylic  acid,  1014 

nickel,  689 

oxide  of  iron,  641 

sulphate  of  baryta,  611 

lead,  717 

lime,  599 

strontia,  618 

tellurium,  742 

titanium,  735 

uranium,  732 

zirconia,  843 

Knight,  Andrew,  51 
Kcestner  on  paratartaric 
acid,  1065,  note 
Koumiss,  1158 
Kraft  obtains  the  secret  of 
making  phosphorus, 437 
Kreosote,  985 

• action  of  various  re- 

agents on,  987 

coagulates  albumen  and 

serum,  987 

derivation  of  the  name, 

985 

preparation  of,  986 

■  prevents  mouldiness  in 

writing-ink,  929,  note 
— — its  antiseptic  powers, 
987 

— medicinal  uses,  987 

sources  and  proper- 
ties, 986 

ultimate  analysis, 

987 

Kryolite  850 
Krystallin,  1132 
Kuhlmann  on  madder,  936 
Kunckel,  25 

prepares  phosphorus, 

437 

Kunsemuller  on  wormwood, 
1055 

Kupfernickel,  688 

Labarraque’s  soda  disinfect- 
ing liquid,  585 
Labilladiere  011  phospliu- 
retted  hydrogen,  451 
Lac,  an  excellent  insulator, 
226,  and  note  ibid. 

— dye,  940 

— lake,  940 

— seed,  940 

— shell,  940 

— stick,  940 

— white,  940 

— its  colouring -matter,  940 


Lac,  its  uses  as  a varnish  and 
cement,  979 
— — varieties,  940 
Laccic  aci  d,  940 
Lacmus,  938 

Lactate  of  magnesia,  1129 

zinc,  1129 

Lactates,  general  character 
of,  1129 

Lactic  acid,  83,  1109,  1128 
Lagerhielm  on  bismuth, 729, 

731 

Lakes,  various  coloured,  849, 
934,  937 

Lambe  on  mineral  waters, 

1211 

Lamp  black,  462 
miners’  safety,  direc- 
tions for  using,  210 
Lampadius  on  alcohol  of  sul- 
phur, 508 

Lampas,  Hooke’s,  32 
Lam  pie  acid,  1085 
Lane  on  mineral  waters,  56 
Lancon  on  artificial  gems, 
868 

Landgrebe  on  the  compound 
of  iodine  with  ammonia, 

397 

Lapis  inf  emails , 805 
Lassaigne  on  nickel,  689 

pyrocitric  acid,  1009 

and  Feneulle  on  asa- 

rin,  1049 

— on  cathartin,  1045 

delphia,  1039 

Latent  heat,  151,  see  Heat. 
Laugier  on  arseijiate  of 
baryta,  749 

titanium,  736 

uranium,  734 

Laumonite,  861 
Laurel-berries,  1060 
Laurin,  1060 
Laurus  cassia , 1052 

cinnamomum , 1052 

nobilis , 1060 

Lavoisier,  85,  et  seq. 

his  claims  to  originality, 

89 

on  aeriform  bodies,  86 

air,  86 

alkaline  earths,  88 

• apparatus,  88 

caloric,  85 

combustion,  34,  86 

diamond,  87,  467 

distillation,  87 

fermentation,  87 

heat,  85,  125,  148 

light,  86,  88 

nomenclature,  86 

oxygen,  86 

| salts,  88 

I Lawerenburg,  483 
Lazarus  Erckern,  73 
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Lead,  71 1 

— cisterns,  corrosion  of,  7 1 1 

— extract  of,  1122 

— red,  712 

— sulphuretted  hydrogen  a 

test  for,  715 

— white,  718 

— its  acetate,  1121 

— — alchymical  name  and 

symbol,  711 

— — alkaline  solutions,  720 

— — alloy  with  gold,  810 

— — — with  rhodium,  838 
alloys,  710 

— — amylate,  013 

— — argentiferous  sulpliu- 

ret,  801 

— — arseniate,  751 

— — arsenite,  native,  7 4G 

— — benzoate,  078 

— — binoxide,  712 

— — biphosphate,  718 

— — bisuccinate,  081 

borate,  719 

use  of,  in  glass, 


867,  note 

— — bromate,  714 

— — bromide,  714 

— — butyrate,  1 1 53 

— — carbazotate,  940 

carbonate,  718 

sp.  gr.  of,  7 1 8 

— — — native,  719 

— — carburet,  718 

— — chlorate,  714 

— — chloride,  713 

— — — native,  713 

— — chromate,  771 

— — cinchonate,  1031 

— — citrate,  1000 

— • — combustion,  711 

— — corrosion  by  vinegar, 

1121 


—  water,  711 

— — cyanate,  710 

cyanuret,  710 

deutoxide,  712 

— — diacetate,  1122 
dichloride,  713 

— — dichromate,  772 

— — dicitrate,  1000 
dinitrate,  715 

— — dioxide,  713 

— — ferrocyanuret,  710 

— — ferrosesquicyanurct 


656 


— — fluoride,  714 

— — gummate,  806 

— — hexacetate,  1122 

- — — hydroxalate,  1005 

— — hyponitrite,  380,  715 

— — hyposulphate,  716 

— — hyposulphite,  716 

— — iodate,  714 

— — iodide,  714 

— — indigotate,  050,  051 


i Lead,  its  lichenate,  1014 

— — malate,  1010,  1011 

— — margarate,  063 

— — molybdate,  762 

moroxylate,  1014 

mucate,  807 

nitrate,  714,  715 

— — — precipitated  by  gal- 

lic acid,  032 

— — — a test  for  sulphuric 

acid,  714 

— — nitrite,  715 
nitrophosphate,  7 1 8 

— — oleate,  064 

ores,  reduction  of,  715 

— — oxalate,  713,  1003 

— - — oxides,  711 
use  of  in  glass- 

making,  865 

peroxide,  712 

phoeenate,  1188 

phosphate,  717 

— — — native,  718 

phosphite,  717 

phosphuret,  717 

— — poisonous  nature,  7 1 1 
properties,  7 1 1 

— — protoxide,  71 1 

— — pyromeconate,  1023 
pvrophoric  nature,  711 

005 

racemate,  1065,  note 

salts,  general  charac- 
ters of,  719 

sweet  taste  of,  710 

— — sebate,  1 1 86,  note 

— — selenite,  7 A 8 
seleniuret,  7 1 8 

— — sesquioxide,  712 

— — sesquiphosphate,  717 

— — silicate,  860 

— — silico-fluoride,  858 
silvate,  078 

— — soluble  salts,  710 

— — specific  gravity,  7 1 1 

— — stearate,  962 

— — strychnate,  1035 

— — subacetate,  718 

— — subarseniate,  751 
subchromate,  772 

— — subfluoride,  714 

— — subhyposulphate,  716 
subsesquiphosphate, 

717 

— — succinate,  081 

— • — sulphate,  716 

— — — native,  717 

— — sulphite,  7 16 

— — sulphocyanuret,  710 

sulphovinate,  1096 

sulphuret,  native,  715 

—  sp.  gr.  of  715 

— • — tannate,  029 

• — — tartrate,  71 1,  080,  095 

— — — with  potassa,  005 

— — trisacetate,  1122 
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Lead,  its  vanadiate,  776 
Leather,  1182 

curried,  1183 

tawed,  1 1 83 

wash,  1183 

Leaves  of  plants,  873 

functions  of,  874 

medicinal,  1056 

Lecanu  on  stearine,  051,  note 

on  blood,  1148 

Le  Fevre  on  boraxated  tar- 
tar, 902 
Legumine,  017 
Lemons,  acid  of,  1006 

essence  of,  070 

essential  oil  of,  970 

Lemon-juice,  1006,  1050 
Leontodon  taraxacum , 1051 
Leo  ruber , 816 
Lepidolite,  588 
Leroux  on  salicin,  1041 
Leroyer  on  digitalia,  1039 
Leslie,  Sir  J.,  on  radiation, 
100,  516 

— of  cold,  46 

heat,  101 

reflection  of  radiant 

heat,  187 

refrigeration,  46, 

160 

Leslie’s  sethrioscope,  203 
differential  thermome- 
ter, 142 

photometer,  191 

Leucine,  1143,  w.,  and  1184 
Leucite,  861 

Levity  of  hydrogen,  348,  340 

heated  air,  133 

Levy  on  hyposulphate  of  po- 
tassa, 557 

Lewenau  on  selenium,  453 
Ley  of  potassa,  539 
— • soap,  950 
Leyden  jar  or  phial,  238 
Libavius’s  fuming  liquor,  676 
Liber  of  plants,  871 
Lichen  islandicus,  1055 
Lichen  starch,  014 
Lichenate  of  ammonia,  1014 
- — — lead,  1014 
Lichenates,  1014 
Lichenic  acid,  1014 
Lichenin,  014 
Lichens,  1054 
Liebig  on  acetal,  1103 

asparagin,  1042 

brucia,  1034 

caffein,  1044 

carbazotic  acid,  048 

chloral,  1106 

cyanic  acid,  501 

— — ether,  1090 

fulminating  silver,  810 

indigogene,  045 

malic  acid,  1010 

manganese,  631 
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Liebig  on  metameconic  acid, 
1022 

morphia,  1010 

muriate  of  quinia,  1028 

narcotina,  1021 

organic  analysis,  885 

sulphoeyanic  ether, 

1108 

titanium,  788 

Liebig’s  test  of  nitric  acid, 
887 

Liebig  and  Dumas  on  pyro- 
acetic  spirit,  1124 

and  Gay  Lussac  on  ful- 

minic  acid,  502 

and  Wohler  on  mellitic 

acid,  984 

Life  injured  by  chlorine,  832 
Light,  173 

■ — absorption  of,  182 

— affects  metallic  combina- 

tions, 522 

solution  of  chlorine, 

333 

— carburetted  hydrogen,  481 

— decomposes  salts,  184 

— depolarized  by  tourma- 

line, 180 

— electrical,  233 

— intense,  of  ignited  lime, 

208 

— lunar,  204 

— monochromatic,  206 

— moves  in  right  lines,  173 

— oil  of  wine,  1094 

— phosphorescent,  197 

— promotes  chemical  agen- 

cies, 184 

— ray  of,  174 

— red  ray  of,  its  heating 

powers,  186 

— solar,  173 

— — explodes  gaseous  mix- 

tures, 184 

— theories  of,  173 

— velocity  of,  compared  with 

sound,  174 

— violet,  its  magnetic  effects, 

185 

— voltaic,  269 

• — yellow  homogeneous,  208 
how  produced,  206 

— its  aberration,  174 

•  action  on  chloride  of 

silver,  803 

— chlorine  and  hydro- 
gen, 360 

•  muriate  of  gold,  816 

nitrate  of  silver,  805 

analysis,  181 

calorific  rays,  186 

chemical  effects,  184 

rays,  184 

colorific  rays,  182 

composition,  181 

•  decomposition,  181 


Light,  its  depolarization,  181 
distortion  by  media, 

176 

double  refraction,  178 

— • — effects  on  germination, 

870 

elementary  rays,  182 

evolution  by  electri- 
city, 233 

friction,  200 

heat,  200 

from  oxygen  by 

compression,  329 
extraordinary  refrac- 
tion, 179 

influence  on  animal 

life,  184 

crystallization,  112 

salts  of  gold  and 

silver,  184 

— vegetation,  88,  183 

— ■ — interception,  175 

magnetic  power,  185 

motion,  174 

ordinary  refraction, 

179 

polarization,  179 

prismatic  colours,  182 

reflection,  178 

— ■ — refraction,  175 

— by  air,  176 

—  from  the  perpendi- 

cular, 175 

towards  the  perpen- 
dicular, 175 

by  water  and  glass, 

176 

refrangibility,  182 

sources,  173 

velocity,  174 

— of  candles,  499 

— flames,  206 

— ignition,  186 

— incandescence,  186 
Lightning,  its  analogy  to  elec- 
tricity hinted  at,  246 

progress  and  effects, 

247 

zig-zag  progress,  252 

interval  between  its  ap- 
pearance and  the  sound 
of  thunder,  251 

• objects  struck  by,  250, 

and  note 

theatrical,  how  pro- 
duced, 918 

conductors,  Franklin’s, 

Harris’s,  250  [249 

form  of,  249 

for  ships,  250 

Lignin,  918 

bleached  by  chlorine, 

919 

products  from,  1125,  n. 

— — its  dry-rot,  918 
durability,  918 


Lignin,  its  quantity  in  wood, 

919 

: — ultimate  analysis, 

920 

Lignum  vitce , 1053' 

Limbourg  and  Gellert,  39 
Lime,  591 

burning,  604 

carbonic  acid  gas 

evolved  by,  473 

cream  of,  592 

Dorking,  864 

hydrated,  591 

meagre,  864, 

milk  of,  592 

oil  of,  593 

oxalate  of  ammonia  a 

test  for,  999 

quick,  591 

slaked,  591 

water,  592 

— action  of  charcoal  on, 

461 

its  use  in  sugar -re- 
fining, 900 

•  its  acetate,  1117 

aqueous  solution,  or 

lime-water,  592 

arseniate,  749 

hydrated,  749 

arsenite,  746 

benzoate,  976 

bimeconate,  1021 

— bimalate,  1011 

binurate,  1171 

biphosphate,  600 

biselenite,  602 

borate,  605 

■  bromate,  596 

butyrate,  1153 

•  calcination  in  close 

vessels,  605 

caproate,  1154 

— carbazotate,  949 

carbonate,  470,  472, 

602 

■  action  of  heat  on, 

605 

crystallized,  602 

native,  603 

chlorate,  595 

chloride,  594 

decomposes  am- 
monia, 396 

chlorite,  595 

chromate,  771 

cinchonate,  1031 

citrate,  1008 

columbate,  783 

fluoborate,  605 

formiate,  1013 

— hydrate,  591 

crystallized,  592 

hydrated  subchlo- 
ride, 595 

hydriodate,  595 


Lime,  its  hydropliosphuret, 
000 

hydrosulpliuret,  597 

hydroxalate,  1005 

liypophosphite,  000 

hyposulpliate,  598 

— hyposulphite,  598 

•  indigotate,  950 

insoluble  salts,  G05 

iodate,  595 

malate,  1010 

meconate,  1021 

metallic  base,  591 

molybdate,  702 

— moroxylate,  1014 

muriate,  592 

nitrate,  597 

oxalate,  005,  1001 

— oxymuriate,  594 

pectate,  890 

phosphate,  000 

native,  001 

phosphite,  000 

pliosphuret,  450 

potassa-tartrate,  994 

presence  tested,  005, 

999 

purpurate,  1172 

•  quadriphosphate, 

G01 

rocellate,  905,  note 

salts,  general  charac- 
ters of,  005 

tinge  the  flame  of 

alcohol,  005 

seleniate,  002 

selenite,  002 

separation  from  mag- 
nesia, 029 

— sesquiphosphate,G01 

silicate,  800 

with  magnesia, 

800 

potassa,  800,  note 

solubility  in  water, 

592 

stearate,  901 

— subphosphate,  GOO 

subphosphite,  GOO 

succinate,  980 

sulphate,  598 

anhydrous,  599 

hydrous,  599 

native  crystal- 
lized, 598 

sulphite,  598 

sulphocyanate,  005 

sulphovinate,  1090 

• — superphosphate,  001 

tartrate,  989,  998 

tungstate,  778,  note, 

780 

•  urate,  1171 

use  as  a manure, 591 , 

G04 

Limestone,  603 
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Limestone,  bituminous,  004 

compact,  004 

granular,  003 

magnesian,  029 

secondary,  003 

Lime-tree  flowers,  1058 
Line  of  no  variation,  300,  n. 
Linear  dilatation  of  solids  by 
heat,  table  of,  125 
Linen,  blood-stains  on,  detec- 
tion of,  1150 

Lines,  Frauenhofer’s,  183 

— in  the  spectrum,  183 
Link  on  bisulphate  of  soda, 

581 

— on  sulphate  of  soda  and 

magnesia,  025 
Linseed,  890 
oil,  954 

— properties  and  uses 

in  the  arts,  954 

soap  of,  904 

Liquefaction  of  the  gases,  170 
Liquid  blue,  943 
Liquid  gases,  viz. 

ammonia,  392 

carbonic  acid,  470 

chlorine,  331 

cyanogen,  499 

muriatic  acid,  302 

nitrous  oxide,  370 

peroxide  of  chlorine, 338 

sulphuretted  hydrogen, 

433 

sulphurous  acid,  420 

Liquids,  150 

absorb  heat  on  vaporiz- 
ing, 105 

are  compounds  of  solids 

and  heat,  15G 

effects  of  heat  on,  131 

evolve  heat  on  solidify- 
ing, 150 

formed  from  gases,  214 

solids,  214 

heated  currents  in,  131 

their  capacity  for  heat, 

150 

their  conducting  power 

for  heat,  144 

their  expansion  by  heat, 

128,  131 

their  sp.  gr.  ascertain- 
ed, 130 

their  specific  heat,  149 

See  Heat. 

Liquor  ammonias , 393 

ammonice  acetatis,  1110 

ammonicesubcarbonatis , 

47  0 

amnii,  1105,  note 

arsenicalis , 74G 

ferri  alkalini , 044 

plumbisubacetatis,  1122 

potassce , apparatus  for 

filtering,  540 
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Liquor  potassce , its  prepara- 
tion, 540 

• — sp.  gr.,  540 

— tested,  540,  note 

sanguinis , 1130 

silicium , 859 

fuming,  Boyle’s,  435 

— Libavius’s,  070 

Liquorice,  refined  (spurious), 
915 

root,  997,  1042,  1050 

sugar,  907 

Lisle,  Rome  de,  114,  139 
Litharge,  712 
Lithia,  588 

its  acetate,  590,  1117 

— bicarbonate,  590 

— binoxalate,  1001 

bipliosphate,  590 

— bisulphate,  590 

— borate,  590 

— carbonate,  590 

— chromate,  770 

citrate,  1008 

— hydrate,  589 

— nitrate,  589 

— oxalate,  1001 

— phosphate,  590 

potassa-tartrate, 993 

salts,  their  general 

characters,  590 

— soda-tartrate,  993 

— sources,  588 

sulphate,  589 

tartrate,  993 

Lithic  acid,  11 70 
Lithium,  588 

its  chloride,  589 

fluoride,  589 

— iodide,  589 

protoxide,  588 

sulpliuret,  589 

Litmus,  938 

its  colour  fades  by  light, 

939,  and  note  ibid. 

its  uses  as  a colour  and 

test,  939 

paper,  reddened  by  the 

electric  spark,  297 
Little  on  speculum  metal, 
709 

Liver  of  antimony,  724 
Livers  of  sulphur,  557 
Lixivium  sanguinis , 050 
Loam,  803 

Logometric  scale,  41,  218 

of  atomic  weights,  218 

Logwood,  937,  1054 

extract  of,  1054 

London,  salubrity  of,  1 135,  n. 

Institution  battery,  209 

Looking  glasses,  how  silvered, 
799,  note 

Lowe  on  carbonic  acid  in  oil 
and  resin  gas,  490,  note 
Low  wines,  1005,  note 
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Lowig  on  hydrate  of  bromine, 
345 

Lowitz  on  alcohol,  1076 

cold,  540 

Lucifer  matches,  543 
Lucretius  quoted,  07,  note 
Lucullite,  004 
Lully,  Raymond,  7,  19 
Luminosity  of  water  upon 
compression,  357 
Luminous  electrical  words, 
237 
Luna,  800 
— cornea,  803 
Lunar  caustic,  805 

light,  204 

• — has  no  chemical 

agency,  300 
Lupulin,  1040,  note 
Lute,  vitrifiahle,  438 
Lutes,  composition  of,  803 
Luyart,  Messrs.,  on  tung- 
sten, 778 
Lycopodium , 918 

used  for  theatrical 

lightning,  918 
Lymph,  1104 


Macaire  and  Marcet  on  py- 
roacetic  spirit,  1124 
Macculloch,  Dr.,  on  phos- 
phorescence, 201 

on  sandstone,  107,  note 

volatile  oils,  900 

Machines,  electrical,  232 
Macintosh  on  steel,  402 
water-proof  clothing, 
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Macquer  on  arsenical  salt, 
748 

Macquer’s  neutral  arsenical 
salt,  748 

Madder-root,  930,  1051 
Made  wines,  1000 
Magic  landscapes,  085 
Magilp,  954 

Magistery  of  bismuth,  730 
Ma  gnesia,  020 

its  acetate,  1118 

arseniate,  730 

— ammonio  carbonate, 

028 


phosphate,  G25 

■  nitrate,  022 

— — sulphate,  024 

sulphite,  023 

benzoate,  970 

— bicarbonate,  027 

■  • — bi  tart  rate,  994 

borate,  028 

*  — carbazotate,  949 

•  — carbonate,  027 

— - — hydrated,  027 

native,  028 

— chlorate,  022 

— chloride^  022 


Magnesia,  its  chromate,  771 

— citrate,  1008 

formiate,  1013 

— fusion  effected,  020 

— hydrate,  020 

native,  020 

— hydrated  bisilicate, 

800 

— — — liydrobromate  exists 
in  sea-water,  344 

hypophosphite,  G25 

byposulpliate,  023 

• — hyposulphite,  G23 

indigotate,  950 

— insolubility,  020 

— iodate,  022 

• — lactate,  1129 

— lime-carbonate,  028 

■ — malate,  1011 

■ — metallic  base,  019 

molybdate,  702 

— muriate,  021 

existence  in  sea- 
water, 021 

nitrate,  G22 

anhydrous,  022 

crystallized,  022 

• — ■ oxalate,  1002 

— phosphate,  025 

neutral,  025 

potasso-carbonate, 

028 

■ sulphate,  024 

presence  tested,  020 

properties,  020 

— purpurate,  1172 

salts,  their  existence 

in  sea- water,  021 
their  general  cha- 
racters, 029 

— separation  from  lime, 

029 

• — sesquipliosphate, 

025 

— silicate,  8G0 

with  lime,  8G0 

— silvate,  978 

— soda-carbonate,  028 

sulphate,  025 

— strychnate,  1034 

— subphosphate,  025 

double,  025 

— succinate,  981 

• — sulphate,  023 

anhydrous,  024 

crystallized,  024 

purity  of,  deter- 
mined, 024 

sulphite,  023 

— superphosphate,  025 

tartrate,  994 

— tersilicate,  800 

• — tungstate,  780 

— urate,  1171 

alba , 027,  072 

water,  027 


Magnesian  limestone,  029 

— a source  of  sulphate 

of  magnesia,  G24 

“ minerals,  029 

Magnesite,  028 
Magnesium,  019 

discovered  by  Bussy, 

019 

its  alloy  with  iron,  058 

— amalgam,  019 

— ammonio-chloride, 

022 

— bromide,  022 

— chloride,  020 

— ferrocyanuret,  055 

■ — fluoride,  022 

— iodide,  022 

— oxide,  020 

phosphuret,  025 

potasso  - chloride, 

022 

— preparation  and  pro- 
perties, 020 

— silicoduoride,  858 

— subiodide,  022 

• — sulpliuret,  023 

Magnetic  attraction,  303 

curves,  307 

dipping-needle,  300 

induction,  303 

iron  ore,  303,  042 

metals,  303 

needle,  304 

affected  by  electri- 
city, 308 

• — dip  of,  300 

polarity,  303 

poles,  304 

—  fixed  and  moveable, 

300 

pyrites,  G45 

repulsion,  305 

spark,  315 

— instantaneous  light 

procured  by,  310 
Magnetism,  313 
• - — Barlow  on,  307 

Faraday  on,  300 

Halley  on,  300 

1 1 an  steen  on,  300 

—  Harris  on,  305 

induced,  304-306 

of  cobalt,  084 

iron,  305-307 

nickel,  089 

steel,  305-307 

permanent,  304-300 

produced  by  percussion, 

307 

produces  electricity, 

314 

tangential  action  of,  3 1 0 

terrestrial,  306 

vertiginous,  310 

See  Electricity  and  Electro- 
magnetism. 
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Magneto  electricity,  313 

electric  induction,  313 

— instantaneous  light, 

31G 

— machines,  315 

— spark,  315 

Magnet,  bar,  305 

holder,  307 

horse-shoe,  307 

Magnets,  mode  of  making, 
303,  note 

poles  of,  304 

spark  obtained  from, 

315 

Magnus  on  etliionic  acid, 

1097 

selenium,  453 

Mairan,  De,  45 
Maize,  1062 
Malachite,  765 
Malseates,  1011 
Malseic  acid,  1011 
Malaria,  413,  1135 
Malate  of  lead,  1010,  1011 

lime,  1010 

magnesia,  1011 

silver,  1011 

solania,  1037,  1054 

Malates,  1010 
Male  fern-root,  1049 
Malic  acid,  1009 

action  of  heat  on, 

1011 

Malleability  of  metals,  517 
Malleable  platinum,  how  ob- 
tained, 822 

Malt,  composition  of,  911,  n. 

— high-dried,  1004 

— saccharine  principle  of, 

917 

Malting,  870,  910,  note 
Maltha,  982 

Malus  on  polarization  of 
light,  179 
Man,  031 
Manganese,  031 

discovered  by  Gahn, 

630 

its  acetate,  1118 

— acids,  035 

— alloy  with  gold,  819 

iron,  058 

— ammonio  muriate, 

G3G 

— ’ — sulphate,  038 

— anhydrous  chloride, 

635 

arseniate,  750 

— benzoate,  970 

— black  oxide,  632 

use  of  in  glass- 

making,  865 

— borate,  638 

— brown  oxide,  032 

— carbonate,  630,  638 

native,  038 


Manganese,  its  carburet,  638 

— chromate,  771 

— chlorate,  636 

— chlorides,  635 

— citrate,  1008 

• — combinations,  tests 

for,  639 

— eyanuret,  638 

— deutoxide,  631 

— ferrocolumbate,  733 

— fluoride,  636 

hydrated  protofluo- 
ride, 636 

hydrosulpliuretted 

oxide,  636 

— hypophosphite,  638 

— hyposulphate,  636 

— hyposulphite,  636 

— iodide,  630 

— molybdate,  762 

nitrate,  636 

• — ores,  030 

— oxalate,  1002 

oxide  (black),  523 

— (green),  523 

its  oxide,  action  of  the  | 

blowpipe  on,  G39 

— oxides,  523,  030 

perchloride,  035 

— peroxide,  032 

. — — hydrated,  633 

phosphate,  038 

phosphite,  038 

— phosphuret,  038 

— potassa -tartrate,  030 

— • — sulphate,  038 

properties,  031 

protochloride,  635 

protonitrate,  630 

— protosulpliate,  630 

protoxide,  631 

hydrated,  631 

— salts,  their  general 

characters,  638 
— separation  from  si- 
lica, 632,  note 

— sesquioxide,  631 

— hydrated,  630 

— silicate,  800 

— silico-fluoride,  858 

• — specific  gravity,  631 

■ — sources,  631 

— succinate  981 

— sulphate,  636 

— — anhydrous,  636 

sulphite,  630 

— sulphocyanuret,  038 

• — sulphuret,  030 

— — native,  636 

• — tartrate,  994 

— tungstate,  780 

Manganesate  of  potassa, 
634,  note 

Manganesic  acid,  034 

— hydrated,  634 

Manganesium,  ace  Manganese 


Manganic  acid,  033 
Mangetus  quoted  on  trans- 
mutation, 12 
Manheim  gold,  709 
Manna  metallorum , 736 

sugar,  906 

Mannite,  900 

Manufacture  of  iron  and 
steel,  059,  005 
Manures,  878 

Manuring,  lime  used  in,  604 
Maple  sugar,  905 
Marantha  arunclinacea , 1051 
Marble,  603 

artificial  production  of, 

605 

black,  603 

common,  604 

primitive,  603 

secondary,  003 

staining  of,  by  archil, 

939,  note 

— by  litmus,  939 

varieties  of,  603 

Marbre  di  Bergamo , 599 
Marcasite,  728 
Marcet  on  the  blood,  1137 

chyle,  1196 

gluten,  918 

mineral  waters,  1211 

phosphate  of  magnesia, 

026 

potasso-chloride  of  mag- 
nesium, 022 

sea-water,  397,  622 

sulphate  of  potassa  and 

magnesia,  624 

• and  Berzelius  on  alco- 

hol of  sulphur,  508 
Mares’  milk,  1158 
Margarate  of  ammonia,  903 

lead,  963 

potassa,  963 

soda,  963 

Margaric  acid,  902 

— anhydrous,  903 

— used  to  adulterate 

sulphate  of  quinia,1027, 
note 

Margarine,  951,  note.,  and  903 
Margaritic  acid,  905,  note 
Margarone,  903 
Margarous  acid,  963 
Margraaf,  73,  note 
Marine  volcano,  253 
Mariotte  investigates  the 
elasticity  of  air,  402 
Marking-ink,  806 
Marl,  004 

Marly  clay,  801,  note 
Marmor  metallicum , 75 
Marsh  miasma,  1135 
Marshes,  inflammable  air  of, 
481 

Martial  ethiops,  040 
regulus,  720 
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Martins  on  thermometers, 42 
Marx  on  the  solubility  of  ni- 
trate of  soda,  576,  note 
Mass  affects  affinity,  39 
Massicot,  711 
Massive  gypsum,  399 
Mastich,  977 

Materia  medica , enriched  by 
B.  Valentine,  18 
— Paracelsus,  21 

•  saponacea , 923 

Match-boxes, phosphoric,  441 
Matter,  forms  of,  105 

■  imponderable,  173 

powers  and  properties 

of,  105 

radiant,  123,  175 

Maunoir  notices  the  effect  of 
hydrogen  on  the  voice, 
348 

Maus  on  ammonio-sulpliate 
of  iron,  648 

■  the  preparation  of  chro- 

mic acid,  768 

Maximum  density  of  water, 
130 

Mayer  on  conducting  power, 
143 

•  on  conduction  of  heat, 

143 

Mayerne,  22 
Mayow,  32 

on  affinity,  36 

attraction,  36 

combustion,  35 

hydrogen,  35 

medicines,  37 

metallic  salts,  36 

nitrogen,  35 

respiration,  36 

salts,  37 

Mead,  1066 
Meadow  saffron,  1035 
Meagre  lime,  864 
Measured  angles  of  crystals, 
115 

Measurement  of  crystals,  115 
heights  by  the  baro- 
meter, 400 

Measures  of  heat,  137 
Mechanical  aggregation  af- 
fects affinity,  211 

analysis  of  crystals,  114 

Meconate  of  lime,  1021 

■  silver,  1022 

Meconates,  1022 
Meconia,  1019 
Mec-onic  acid,  1021 
Medals,  how  bronzed,  679, 

697 

Medicines,  chemical,  22 

first  introduced,  21, 

22,  25 

• — their  composition 

divulged,  25 
incompatible,  37 


Meditei-ranean  sea,  its  waters 
contain  iodine  and  bro- 
mine, 344 

Medullary  rays,  872 
Meerschaum,  860 
Melanie  acid,  1174 
Melissa  officinalis , 1056 
Mellilite,  984 
Meditate  of  ammonia,  984 
Mellitic  acid,  984 
Melloni  on  heat,  193 

radiant  heat,  193 

thermo-electricity,  303 

Melt,  1189 
Menachanite,  736 
Menilite,  855,  note 
Menispermic  acid,  1038 
Menispermum  cocculus , 1038, 
1060 

Menyanthes  trifoliata , 1057 
Menyantliin , 1057 
Mercaptan,  1108 
Mercaptide  of  mercury,  1 108 
Mercaptum,  1109 
Mercurial  horn  ore,  7*8 

ointment,  735 

Mercimo-cyanate  of  mercury, 
811 

pneumatic  apparatus, 

326 

Mercurius  dulcis , 786 

vitas , 722 

Mercury,  784 

frozen  by  liquid  carbo- 
nic acid  and  ether,  47 1 

— the  evaporation  of 

bisulphuret  of  carbon, 
508 

its  acetate,  1123 

adulterations  de- 
tected, 784 

alchymical  name 

and  symbol,  784 

alloys,  798 

amalgam  with  am- 
monia, 799 

arsenic,  799 

— — bismuth  and 

lead,  799  (triple) 

copper,  799 

gold,  820 

— — palladium,  835 

platinum,  832 

— potassium,  798 

— silver,  812 

sodium,  798 

tin,  799 

zinc,  798 

ammonio  - persul- 
phate, 796 

ammoniuret,  786 

ancient  names,  784 

arseniate,  798 

— benzoate,  976 

— bichloride,  789 

- — bicyanuret,  796 


Mercury,  its  biseleniuret,  796 

— bisulphuret,  794 

boiling-point,  784 

borates,  798 

bromates,  792 

— bromides,  792 

— capacity  for  heat, 

148 

carbonates,  796 

chlorate,  791 

chlorides,  786 

chromate,  7 66,  798 

— citrate,  1009 

congelation,  471, 

508,  784 

cyanurct,  499,  796 

frozen  state,  471, 

508 

• — fluorides,  792 

fulminate,  797 

— hypophosphite,  796 

— hyposulphate,  795 

— hyposulpliited,  795 

— indigotate,  951 

— iodate,  792 

iodide,  791 

mercaptide,  1108 

■ — mercurio-cyanate, 

811 

— molybdate,  798 

native  state,  784 

• nitrates,  792 

* — nitrico  oxide,  793 

ores,  784 

— oxalates,  1004 

oxides,  784 

oxymuriate,  789 

• — peracetate,  1123 

■ perbromide,  792 

• — percarbonate,  796 

— perchlorate,  791 

— perchloride,  789 

percitrate,  1009 

periodide,  791 

— pernitrate,  793 

uses  of  as  a test, 

793 

a test  of  the 

purity  of  olive  oil,  955 

• — pei-oxide,  785 

— — hydrated,  785 

• — perphosphate,  796 

• — pei-sulphate,  789, 

796 

phosphate,  796 

phosphite,  796 

- — phosphui-et,  796 

potassa-tartrate, 

997 

protacetate,  1123 

protiodide,  791 

pi-otobi-omide,  792 

protocarbazotate, 

949 

— protocarbonate,  796 

protochlorate,  791 
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Mercury,  its  protochloride, 

786 

protocitrate,  1009 

— ■ protonitrate,  792 

— — crystallized,  792 

— — anhydrous,  792 

— — use  of  as  a test, 

792 

— protophosphate, 796 

— protosulpliate,  795 

protosulpliuret,  794 

proto  xalate,  1004 

protoxide,  764 

— purification,  764 

— salts,  their  general 

characters,  600 

sebate,  1166,  note 

— ■ seleniuret,  796 

— specific  gravity, 

liquid  and  solid,  764 

— subnitrate,  793 

— subpemitrate,  793 

succinate,  961 

sulphates,  769,  795 

— sulphite,  795 

• — sulphocyanuret,  798 

sulphurets,  794 

super-pernitrate, 

793 

supersulphate,  795 

— — — tartrate,  996 

— urate,  11 71 

— white  precipitate, 

791 

Metagallate  of  potassa,  933 
Meta gallic  acid,  928,  932,  933 
Metal,  fusible,  732 
— bath  of,  for  temper- 
ing steel,  666 

Metals,  action  of  on  alcohol, 

,1078 

ammonia  on,  527 

— the  blow-pipe  on, 

518,  note 

— boracic  acid  on,  532 

boron  on,  532 

bromine  on,  526 

— carbon  on,  53 1 

carbonic  acid  on 

their  oxides,  532 

— chloric  acid  on,  525 

chlorine  on,  524 

— cyanic  acid  on,  532 

— ether  on,  1086 

— fluorine  on,  526 

— fulminic  acid  on,  532 

— heat  on,  518 

hydrocyanic  acid 

on,  532 

hydrogen  on,  526 

- — hyposulpliuric  acid 

on,  528 

liyposulphurous 

acid  on,  528 

iodic  acid  on,  526 

— iodine  on,  525 


Metals,  action  of  nitric  acid 
on,  527 

— oxygen  on,  521 

* — phosphoric  acid  on, 

531 

— phosphorus  on,  530 

— selenium  on,  530 

— sulpliocyanic  acid 

on,  532 

sulphur  on,  527 

sulphuretted  hydro- 
gen on,  529 

— sulphurous  acid  on, 

528 

— sulphuric  acid  on, 

528 

water  on,  526 

ancient  symbols  of,  515 

anciently  known,  515 

brittle,  table  of,  518 

cleaned  by  bisulphate 

of  potash,  559 

crystallization  of,  110 

decompose  carbonic 

acid  gas  at  high  tem- 
peratures, 473 

muriatic  acid  gas, 

361 

ductile,  table  of,  517 

enumeration  of  the, 

515 

expansion  of,  123 

found  in  veins,  516 

fusible,  519 

fusing-points  of,  141 

general  characters  of, 

516 

hard,  table  of,  518 

known  to  the  ancients, 

515 

* list  of,  and  their  dis- 
coverers, 515 

magnetic,  303 

malleable,  table  of,  517 

named  after  planetary 

bodies,  515 

native,  516 

— chlorides  of,  516 

— oxides  of,  516 

• — salts  of,  516 

sulphurets  of,  516 

noble,  521 

oxides  of,  reduced,  522 

oxygen  attracted  by, 

order  of,  535 

polished,  are  imperfect 

radiators  and  receivers 
of  heat,  516 

precipitated  by  ferro- 

cyanate  of  potassa,  653 

ferrosesquicyanuret 

of  potassium,  656 

— infusion  of  galls, 

table  of,  930 

metals,  522 

— phosphorus,  531 


Metals  precipitated  by  sulphu- 
retted hydrogen  and 
hydro-sulphuret  of  am- 
monia, 530 

sulphates  of,  decom- 
posed, 527 

sources  of,  516 

tenacious,  table  of,  518 

veins  of,  516 

volatile,  519 

their  action  upon  each 

other,  532 

. on  nitre,  552 

— affinity  for  oxygen, 

table  of,  535 

alloys,  532 

— — table  of,  533 

— — action  of  acids 

on,  533 

— — chemical  and 

physical  properties  of, 
533 

fusibility  of,  533 

— — oxidation  of,  533 

— — specific  gravity 

of,  533 

— attraction  for  oxy- 
gen, 522 

— — order  of,  535 

hydrogen,  354 

bisulphurets,  528 

borates,  532 

brittleness,  518 

bromides,  526 

carbonates,  532 

*—  carburets,  531 

— chlorates,  525 

— chlorides,  physical 

and  chemical  charac- 
ters of,  524 

— classification,  534, 

and  note  ibid. 

— combinations  affect- 
ed by  light,  522 

— crystallization,  517 

— by  fusion,  517 

— — precipitation, 

517 

— cyanides,  532 

cyanurets,  532 

discovery,  order  of, 

515 

— ductility,  517 

— elasticity,  518 

— fluorides,  526 

fulminates,  532 

fusibility,  table  of, 

521 

haloide  salts,  524,  n. 

— hardness,  518 

hydrocyanates,  532 

hydrosulphuretted 

oxides,  529 

hydrurets,  526 

— hypophosphites,531 

hyposulphates,  528 
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Metals,  their  hyposulphites, 
528 


— iodides,  525 

— lustre,  516 

— malleability,  517 

— nitrates,  527 

— opacity,  516 

— oxidation  by  the 
blowpipe  flame,  520 

— oxides,  521 

combine  with 

acids,  523,  532 

— — — each  other, 
524 


— — — oxy-acids, 
523 


— ■ — - definite,  523 

— phosphates,  531 

isomeric  varieties 

of,  531,  note 

phosphites,  531 

* — phospliurets,  530 

— physical  characters, 


517 


— precipitates,  various 
colours  of,  530, 653,656, 
030 


— proto  and  per-salts, 

523 

reduction,  522 

•  — — by  electricity, 

522 

— • — heat,  522 

— reflective  powers, 

order  of,  516 

- — seleniates,  530 

— selenites,  530 

seleniurets,  530 

sesquisulphurets, 

528 

solutions,  action  of 

tests  on,  530,  653,  656, 
930 

•  sp.  gravities,  517 

sulphates,  528 

sulphites,  528 

•  — sulpliocyanates,  532 

— sulphocyanurets, 

532 

•  - — sulpliurets,  527 

— sulphur-salts,  528 

tenacity,  518 

Metallic  acids,  523 

alloys,  532 

— table  of,  533 

base  of  alumina,  848 

— ammonia,  374,  799 

baryta,  605 

. — lime,  591 

— — magnesia,  619 

— potassa,  535 

— soda,  571 

— strontia,  615 

— zirconia,  842 

bath  for  tempering- 

steel,  666 


Metallic  bisulphurets,  528 

borates,  532 

bromides,  526 

— carburets,  531 

chlorides,  524 

— native,  516 

combinations,  native, 

516 

affected  by  light,  522 

cyanides,  532 

cyanurets,  532 

fulminates,  532 

hydrocyanates,  532 

hydrosulphates,  529 

hydrosulphuretted  ox- 
ides, 529 

hypophosphites,  531 

hyposulphites,  528 

iodides,  525 

•  nitrates,  527 

oxides,  521 

— action  of  carbonic 

acid  on,  532 

— definite,  523 

— native,  516 

their  reduction,  522 

phosphates,  531 

— isomeric  varieties  of, 

531,  note 

phosphites,  531 

phospliurets,  530 

precipitation,  522 

salts,  native,  516 

seleniates,  530 

selenites,  530 

■'  seleniurets,  530 

sesquisulphurets,  528 

solutions,  action  of  sul- 
phuretted hydrogen  on, 
table  of,  530 

sulphates,  528 

sulphites,  528 

•  sulpliocyanates,  532 

sulphocyanurets,  532 

sulpliurets,  528 

nativej  516 

surfaces, perfectly  clean, 

attract  hydrogen,  353 
Metallization  of  ammonia, 
374,  799 

Metalloids,  318,  319 
Metallurgical  operations, 
fluxes  for,  567 
Metameconic  acid,  1021, 
1022 

Metaphosphoric  acid,  445 
Meteoric  iron,  639,  693 

stones  contain  iron,  639 

— remarks  on,  692 

Meteors,  78,  257 
and  falling  stars,  elec- 
tric origin  of,  257 
Methylene,  1125 

its  bihydrate,  1125 

— combinations  with 

liydracids,  1126 


Methylene,  its  combinations 
with  oxyacids,  1127 

muriate,  1126 

protohydrate,  1126 

sulphate,  1127 

Meyer,  55 

Mezereon,  1043,  1052 

root,  active  principle  of, 

1043 

Mica,  588,  861 
Micaceous  iron-ore,  642 
Microcosmic  salt,  583 
Micrographia,  Hooke’s,  31 
Miemite,  629 
Milk,  1151 

— acid  of,  1151 

— asses’,  1158 

— composition  of,  1151,  1158 

— cows’,  1151 

— curd  of,  1155 

— goats’,  1158 

— human,  1157 

— influence  of  food  on,  1159 

— mares’,  1158 

— sheeps’,  1158 
—*  * sp.  gr.  of,  1158 

— sugar  of,  1157 
— • of  lime,  592 

— of  sulphur,  419 

— of  the  cow-tree,  917 
Mindererus’  spirit,  1116 
Mine  tin,  6 74 
Mineral  adipocere,  982 
analysis,  73 

caoutchouc,  982 

chameleon,  634 

charcoal,  463 

green,  705 

pitch,  982 

tar,  982 

Minerals,  artificial,  their  pro- 
duction, 660,  note 

— magnesian,  629 

potassa  obtained  from, 

540,  note 

siliceous  list  of,  861 

Mineral  waters,  analysis  of, 

1205 

carbonated,  1205, 

1211 

chalybeate,  1205, 

1211 

— common  ingredients 

of,  1206 

contain  sulphuretted 

hydrogen,  434 

— foreign  matter  in, 

nature  of,  1205,  1211 

quality  of,  1205, 

1211 

gaseous  contents  of, 

collected  and  examined, 

1206 

saline,  1205,  1211 

— solid  contents  of,  as- 
certained, 1205 


Mineral  waters,  sp.  gr.  of, 
1205 

— sulphurous,  1205, 

1211 

tables  of  their  com- 
position, 1211,  1212 
Miners’  safety-lamp,  00,  200 
Mines,  fire-damp  of,  00,  200 

— coal,  fire-damp  of,  401 

— choak-damp  of,  472 
Minium,  712 

Minus  electricity,  222 
Mirrors  for  radiant  heat,  180 

— foci  of  found,  1 07,  n. 

for  radiation,  100 

Mispickel,  757 
Mitscherlich  on  alcohol, 
1002 

on  ammonia-sulphate  of 

copper,  704 

ammonio-phosphate  of 

soda,  503 

ammonio-sulphate  of 

magnesia,  024 

arseniates,  747 

arsenic  acid,  7^7 

arsenious  acid,  740 

benzoic  acid  vapour, 975 

— — biphosphate  of  potassa, 
561 

carbon  vapour,  475 

crystallization,  100 

crystals  of  sulphur,  417 

ether,  1089 

iodide  of  carbon,  479 

iodite  of  soda,  342 

iron  slags,  000,  note 

isomorphous  salts,  100 

nitrate  of  mercury,  792 

permanganic  acid,  035 

potasso-phosphate  of 

soda,  504 

seleniate  of  potash,  501 

seleniates,  450 

selenic  acid,  455 

sulphate  of  cobalt,  GOG 

■ — of  iron,  047 

and  potassa,  0 49 

— of  manganese,  030 

— potassa  and  nickel, 

691 

— zinc,  071 

sulphur- vapour,  419 

Mixtures,  freezing,  154 
Moder,  923 
Modern  elements,  317 
Mohs  on  crystallization,  120 
Moisture  accelerates  putre- 
faction, 1133 

absorbed  by  plants,  50, 

073 

Molecular  arrangement  of 
solids,  107,  note 
Molybdate  of  ammonia,  700, 
701 

baryta,  702 
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Molybdate  of  cobalt,  702 

copper,  703 

iron,  702 

lead,  702 

lime,  702 

magnesia,  762 

manganese,  70*2 

mercury,  790 

molybdenum,  701 

— nickel,  702 

potassa,  702 

silver,  011 

soda,  702 

strontia,  702 

tin,  702 

uranium,  703 

zinc,  702 

Molybdenum,  its  ammonio- 
chloride,  703 

— bichloride,  703 

— bifluoride,  703 

— biniodide,  703 

— binoxide,  700 

— bisulphuret,  704 

bromide,  703 

chlorides,  703 

— chromate,  772 

compounds,  action 

of  the  blow-pipe  on,  705 

— deutoxide,  760 

sp.  gr.  of,  760 

— . — hydrated,  700 

fluorides,  703 

iodides,  703 

— molybdate,  701 

— oxalate,  1004 

oxides,  700 

— perchloride,  703 

perfluoride,  703,  704 

peroxalate,  1004 

— peroxide,  701 

persulphuret,  765 

— preparation,  759 

properties,  759 

— protiodide,  703 

— protocldoride,  703 

— protoxalate,  1004 

protoxide,  700 

quadrosulphuret, 

765 

— salts,  general  cha- 
racters of,  705 

sp.  gr.,  759 

sources,  759 

sulpliuret,  native, 

764 

— sulphurets,  704 

— tersulphuret,  764 

Molybdic  acid,  759,  701 

its  composition,  701 

— solubility,  701 

sp.  gr.,  701 

Molybdo-tersulphuret  of  po-  1 
tassium,  704 

Molybdo-tersulphurets,  704 
Molybdous  acid,  700 
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Momordica  elaterium , 1000 
Monge  and  Clouet  condense 
sulphurous  acid  by  cold, 
420 

Monkshood,  1050 
Monochromatic  lamp,  206,  n. 

light,  200 

Montizon  on  metallic  oxides, 
523 

Moonbeams,  204 
Moore  on  eau  medicinale , 
1035,  note 
Morels,  1050 

— sugar  of,  907 
Moretti  on  sulphate  of  stron- 
tia, 017 

Morichini  on  the  magnetiz- 
ing power  of  solar  rays, 
105 

on  the  spectrum,  105 

Morin  011  chloride  of  lime, 
595 

Mornay  on  phosphorescence, 
201 

Moroxite,  601 
Moroxylate  of  lead,  1014 

of  lime,  1014 

Moroxylic  acid,  1014 
Morphia,  1015 

anhydrous,  1017 

its  bisulphate,  1017 

crystals,  1017 

hydrate,  1010 

— muriate,  1017 

nitrate,  1018 

preparation  and  pro- 
perties, 1015 

salts,  1017 

— sulphate,  1017 

— ultimate  analysis, 

1017 

Mortars  used  in  building,  004 
003 

Moms  tinctoria , 941,  1054 
Morveau,  91 

on  alloys  of  lead,  719 

Mosaic  gold,  070 
Mosander  on  cerium,  709, 
et  seq. 

Mother  liquor  of  crystals,  107, 
113 

— of  pearl  shells,  1191 
Motion  of  light,  174 
Mottled  iron,  004 
Mountain-ash  berries,  1009 
Mountain  blue,  700 

green,  700 

Mucate  of  ammonia,  897 

of  lead,  097 

Mueic  acid,  097 
Mucilage,  894 
Mucus,  1105 
Muffle,  013 

Mulberries,  white,  acid  of. 

1014 

Mulberry  calculi,  1001 
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Muller  on  tellurium,  742 
Multiplier,  electrical,  245 

electro-magnetic,  312 

Mumia  mineralis , 982 
Mural  circle,  its  graduation, 
835 

Muriacite,  599 
Muriate  of  alumina,  850 

ammonia,  39 6 

found  in  sea-water, 

397 

increases  the  solubi- 
lity of  corrosive  subli- 
mate, 790 

— native,  397 

camphogen,  970 

cinchonia,  1025 

citrene,  970 

•  copper,  700 

fibrin,  1143 

gold,  816 

its  decomposition  by 

various  agents,  816 

lime,  592 

magnesia,  it  existence 

in  sea- water,  621 

methylene,  1126 

morphia,  1017 

nareotina,  1021 

potash,  541 

quinia,  1028 

soda,  573 

veratria,  1036 

zinc,  669 

Muriatic  acid,  360 
bromine  perhaps  con- 
tained in,  364  note 
• — — commercial,  contains 
iron  and  bromine,  364 
and  note  ibid. 

•  — tests  of  its  purity, 

364 

•  decomposed  by  electric 

sparks  and  heat,  361 

dcphlogisticated,  82 

evolves  chlorine,  365 

hydrogen,  365 

• — - — liquid,  apparatus  for 
obtaining,  363 

atomic  table  of,  367 

— boiling-point  of,  va- 
ries with  its  density, 
364 

sp.  gr.  of,  364 

— table  of,  365 

of  the  Pharmacopoeia , 

364 

occasionally  a volcanic 

product,  365 

oxygenized,  83 

prepared  'by  Basil  Va- 
lentine, 18 

Glauber,  26 

test  for,  71 

uncombined  exists  in 

gastric  juice,  365 


Muriatic  acid,  its  absorption 
by  charcoal,  461 
— action  on  alcohol, 

1105 

— composition,  361 

— decomposition,  365 

— history,  26 

— production  from 

chloride  of  sodium,  578 
Muriatic  acid  gas,  360 

absorbed  by  ice,  363 

— — water,  363 

decomposed  by  me- 
tals, 361 

diagram  of  its  com- 
position, 362 

— discovered  by 

Priestley,  362 

— its  action  on  oil  of 

turpentine,  970 
— — formation  af- 

fected by  light  and 
coloured  media,  361 
— liquefied  by  pres- 
sure, 362 

its  sp.  gr.,  362 

ether,  1105 

Murray,  on  sea-water,  621 

sulphate  of  soda  and 

magnesia,  625 

Muschenbroecic  on  bismuth, 
729 

cold,  45 

expansion  by  heat,  125 

heating  water,  163 

Muscle,  1183 

action  of  acids  on,  1184 

and  nitric  acid  evolves 

nitrogen,  372 
Muscovado  sugar,  899 
Muscular  fibre,  1183 
Mushet  on  steel,  665,  note 
Mushroom  sugar,  907 
Musical  sounds  produced  by 
the  combustion  of  hv- 
drogen,  350 
Musitanus  Carolus , 13 
Musk,  1190 

Muslin,  incombustible,  how 
prepared,  915 
Mustard-seed  oil,  956 

— its  peculiar  acid, 

956,  note 
Mutton  fat,  1186 
Myricin,  958 
Myristica  moschata,  1060 
Myrtus  pimenta,  1060 

Nanceic  acid,  1128 
Nairne’s  electrical  machine, 
231 

Nani  on  rhubarb,  1046 
Naphtha,  490,  982,  1080 

artificial,  492 

— — dissolves  caoutchouc, 
491 


Naphtha,  native,  491 

• its  varieties,  491 

Naphthalin,  492 

and  chlorine,  493 

sulphuric  acid,  493 

Narceia,  1018 
Nareotina,  1020 

muriate  of,  1021 

Nascent  hydrogen,  450 
Native  alumina,  849 

arseniate  of  cobalt,  751 

arseniates  of  copper,  750 

—  arsenic,  744 

arsenite  of  lead,  746 

bismuth,  728 

boracic  acid,  511 

calomel,  788 

carbonate  of  baryta, 6 13 

copper,  706 

— lead,  719 

lime,  603 

— magnesia,  628 

— manganese,  638 

— soda,  584 

— zinc,  672 

chloride  of  lead,  713 

— silver,  804 

chromate  (chromite  ?) 

of  iron,  771 

— lead,  772 

cinnabar,  795 

compounds  of  tungsten, 

778,  note 

copper,  696 

crystallized  sulphate  of 

lime,  598 

cubic  arseniate  of  iron, 

750 

Epsom  salt,  624 

—  gold,  814 

green  vitriol,  648 

hydrate  of  magnesia, 

620 

hydrates  of  alumina, 

850 

iodide  of  silver,  804 

iron,  693,  639 

metals,  516 

mercury,  784 

molybdate  of  lead,  762 

nickel,  688 

orpiment,  755 

oxide  of  copper,  698 

bismuth,  729 

iron,  641 

tin,  674 

palladium,  834 

peroxide  of  manganese, 

632 

— tin,  675 

perphosphate  of  ura- 
nium, 734 

persulphate  of  ura- 
nium, 734 

phosphate  of  copper, 

705 
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Native  phosphate  of  load,  718 

— lime,  601 

platinum,  821 

protocarbonate  of  iron, 

650 

protochloride  of  mer- 
cury, 788 

protophosphate  of  iron, 

649 


protoxide  of  chromium, 
767 


— * — Prussian  blue,  649 

realgar,  754 

silver,  800 

sulphate  of  baryta,  611 

sulphate  of  lead,  717 

— • strontia,  618 

zinc,  672 

sulphuret  of  antimony, 

720,  723 

bismuth,  730 

— iron,  645 

lead,  717 

— manganese,  636 

— molybdenum,  764 

— nickel,  690 

silver,  807 

■ — zinc,  670 

tungstate  of  lime,  778, 

note 

white  arsenic,  746 

Natrium,  571 
Natrolite,  861 
Natural  states  of  bodies,  123 
Nature,  effects  of  radiation 
in,  201 

Needle,  magnetic,  306,  308 
Negative  electricity,  223 
Neilson  on  the  hot  air-blast 
in  iron-furnaces,  662,  n. 
Neplielin,  861 
Neutralization,  214 

point  of,  in  alkalimetry, 

566  i 

Neutral  phosphate  of  lime, 
600 

magnesia,  625 

selenite  of  lime,  602 

N ewman’s  apparatus  for  ana- 
lysis of  waters,  1205 

mercurial  trough,  326 

Newton,  Sir  I.,  on  attrac- 
tion, 38 

cooling  in  vacuo,  196 

decomposition  of  light, 


181 


fusible  metal,  732 

light,  173 

radiant  matter,  192 

thermometers,  138 

Nic,  689 

Nicaragua  wood,  937 
Nicholson  and  Carlisle  first 
observe  the  decompos- 
ing powers  of  the  vol- 
taic pile,  272 


Niootiana  tabacum,  1038, 
1057 

Nicotina,  1038 
its  preparation  and  pro- 
perties, 1038 
Nickel,  coin  of,  689,  note 

discovered  by  Cron- 

stedt,  688 

induced  magnetism  of, 

304,  306 

native,  688 

pure,  how  obtained,  688 

ochre,  751 

its  acetate,  1119 

— alloys,  692 

alloy  with  gold,  819 

iron,  639 

ammonio-carbonate, 

690,  692 

nitrate,  690 

— sulphate,  691 

arseniate,  751 

hydrated,  751 

benzoate,  976 

borate,  692 

carbonate,  692 

carburet,  692 

chloride,  690 

chromate,  771 

citrate,  1009 

cyanuret,  692 

ferrocyanuret,  692 

fluoride,  690 

— hypophosphite,  691 

iodide,  690 

magnetic  property, 

689 

molybdate,  762 

nitrate,  690 

oxides,  689 

oxalate,  689,  1004 

peroxide,  689 

phosphate,  691 

phosphite,  691 

phosphuret,  691 

potassa-sulphate, 

691 

protoxide,  689 

hydrated,  689 

salts,  action  of  the 

blow-pipe  on,  696 
their  general  cha- 
racters, 695 

silico-fluoride,  858 

sources,  688 

sp.  gr.  689 

sulphate,  690 

with  iron,  691 

sulphuret,  690 

native,  690 

tartrate,  996 

Nightshade,  1036 
Nigrine,  736 
Nihil  album , 668 
Nimmo  on  croton -oil,  955 
Nitrate  of  alumina,  850 


Nitrate  of  ammonia,  399 

anhydrous,  399 

its  crystals,  399 

decomposition  by 

heat  produces  nitrous 
oxide,  374,  399 
— diagram  of  its  de- 
composition, 399 
its  varieties,  anhy- 
drous, compact  and  fi- 
brous, 400 

of  antimony,  723 

baryta,  606,  608 

bismuth,  730 

cadmium,  681 

chromium,  774 

cinchonia,  1025 

cobalt,  685 

copper,  700 

glucina,  842 

lead,  714 

lime,  597 

its  phosphorescence, 

597 

lithia,  589 

magnesia,  622 

manganese,  63 6 

mercury,  792 

— and  ammonia,  793 

morphia,  1018 

nickel,  690 

platinum,  830 

potassa,  548 

— its  decomposition  by 

heat,  &c.,  551 
— its  solubility  in  wa- 
ter, 550 

— its  sources,  548 

quinia,  1029 

silver,  804 

— action  of  light  on, 805 

— anhydrous,  805 

— — — crystallized,  805 

discolours  the  rete 

mucosum , 806 

forms  marking-ink, 

806 

fused,  805 

use  of  as  a test,  806 

— its  action  on  organic 

bodies,  805 

on  sugar,  903 

— its  decomposition, 

805 

by  hydrogen,  805 

its  detonation  with 

combustibles,  805 

soda,  576 

native,  57 6 

— its  crystals  anhy- 
drous, 576 

its  solubility,  57 6, 

and  note  ibid. 

strontia,  616 

— hydrated  crystal- 
lized, 616 

4 N 
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Nitrate  of  strontia,  its  UBe  in 
pyrotechny,  616 

tin,  677 

— — uranium,  734 

y tir-i  a,  846 

— ■ — zinc,  670 

zii*conia,  844 

Nitrates,  metallic,  387,  527 
Nitre,  548 

— action  of  charcoal  on,  551 
- — — phosphorus  on,  551 

— — sulphur  on,  551 

— contains  nitric  acid,  381 

— clyssus  of,  551 

— cubic,  576 

— essential  to  the  formation 

of  sulphuric  acid/42'7 

— fixed,  561 

— fused,  551 

— oxygen  obtained  from,  64, 

551 

— proportion  of,  in  gunpow- 

der and  fulminating 
powder,  552 

— rough,  548 

— its  action  on  metals,  552 

— — artificial  production, 

548 

composition,  551 

crystals,  110,  550 

— — decomposition,  551 

by  heat,  &c.,  551 

— — deflagration  with  tar- 

tar, 567 

- — — natural  sources,  548 
— - — purification,  549,  550 

— — refraction,  548 

— — value  ascertained,  548 

— — solubility,  as  stated  by 

different  chemists,  550 
sources,  548 

— beds,  548  x 
Nitric  acid,  381 

— acidifies  phospho- 
rus, 443,  note 

apparatus,  382 

applied  to  wounds  in- 
flicted by  rabid  animals, 
387 

Apothecaries’  Hall  ap- 
paratus for,  383 

commercial,  tested,  383 

diagram  of  its  compo- 
sition, 384 

exists  only  in  combina- 
tion with  water  or  a 
base,  384 

fumigation  by,  387 

inflammation  of  turpen- 
tine by,  386 

— — obtained  from  nitre, 
381 

Pharmacopoeia  propor- 
tions for  obtaining,  382 

produces  intense  cold 

with  snow,  334 


Nitric  acid,  residue  of  its  dis- 
tillation, 559,  and  n.  ib. 
— — strength  of,  for  alka- 
limetry, 563 

■ table  of,  at  different  sp. 

gravities,  385 

tonic  properties  of,  387 

its  action  on  animal 

matters,  386 

— on  charcoal,  927, 

note 

gum,  395,  1004 

indigo,  946,  949 

metals,  527 

sugar,  997 

volatile  oils,  966 

•  — boiling-points,  table 

of,  384 

changes  of  colour, 

386 

by  dilution, 

384 

composition,  381 

congelation,  384 

•  — decomposition  by 

heat  and  electricity, 386 
generates  am- 
monia, 386 

— distillation,  382 

— formation  by  elec- 
tricity, 297,  381 
— importance  in  ana- 
lysis 388 

— oxydizing  agency,  386 

- — presence  detected, 

387 

■ — properties,  383 

— specific  gravity,  384 

sources,  381 

union  with  ammo- 
nia, 399 

Nitric  oxide,  diagram  of,  378 

(deutoxide  or  binoxide 

of  nitrogen,  nitrous  gas) 

377 

fatal  to  animal  life,  378 

how  recognised,  378 

its  absorption  by  proto- 
salts of  iron,  379 

characteristics,  379 

— decomposition,  37 8 

uses  in  eudiometry, 

409 

properties,  378 

specific  gravity,  378 

— sources,  377 

Nitrico-oxide  of  mercury,  793 
Nitrite  of  lead,  715 
Nitro  aerial  particles,  34 
Nitro-carburets,  501 
Nitrogen,  discovered  by  Ru- 
therford, 67,  371 
a non-supporter  of  com- 
bustion, 373 

and  sulphur  do  not 

combine,  437 


Nitrogen,  its  absorption  by 
charcoal,  461 

— bicarburet,  499 

binoxide  (nitrous 

gas),  377 

— carburet,  501 

chloride,  389 

■ — deutoxide  (nitrous 

gas),  377 

• — elementary  nature 

suspected,  373 

- — existence  in  vegeto- 

alkaloids,  1024 

— existence  in  nearly 

all  detonating  bodies, 

390 

evolution  in  organic 

analysis,  885 

■ — iodide  (teriodide), 

391 

an  explosive 

compound,  391 

indecision  of  rest 

under  electrical  action, 
394 

obscure  electrical 

relations,  373 

phospliuret,  449 

properties,  372 

— proto-carburet,  501 

■ — protoxide  (nitrous 

oxide),  374 

intoxicating  ef- 
fects of,  375 

- — sources,  371 

— specific  gravity,  372 

combination  with 

carbon,  499 

— union  with  chlorine, 

389 

— — hydrogen  (am- 
monia, volatile  alkali, 
terhy  druret  of  nitrogen) 
391 

— - — iodine,  391 

union  with  oxygen 

at  elevated  tempera- 
tures, 373 

— in  five  pro- 
portionals, 374,  et  seq. 
Nitro-Ieucic  acid,  1184 
Nitro-muriatic  acid,  ( aqua 
regia),  388 

contains  chlorine,  388 

the  solvent  for  gold, 

389 

its  nature  explained  by 

a diagram,  388 
Nitro-pliosphate  of  lead,  718 
Nitro-sulphuric  acid,  808 
Nitro-tungstate  of  potassa, 
780 

Nitrous  acid,  19,  86,  380 

diagram  of,  381 

its  colour  varies  with 

temperature,  381 
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Nitrous  acid  vapour,  380 

gas,  its  sp.  gr.,  381 

and  sulphurous  acid, 

when  dry,  have  no  mu- 
tual action,  426 
Nitrous  ether,  1008 
its  preparation  and  pro- 
perties, 1008 

Nitrous  gas  (deutoxide,  bin- 
oxide  of  nitrogen,  nitric 
oxide),  377 

obtained  by  Mayow,  but 

examined  by  Priestley, 

377 


its  characteristics,  370 

Nitrous  oxide  (protoxide  of 
nitrogen),  64,  86,  374 

anecdotes  regarding-  its 

inhalation,  374 

condensed  by  pressure, 

37  6 


discovered  by  Priestley, 
liquid,  376  ‘ [64,  374 
— how  obtained,  376 
supports  combustion, 

376 


theory  of  its  production 
from  nitrate  of  ammo- 
nia, 300 

its  absorption  by  char- 
coal, 461 

— intoxicating  effects, 


375 

• — decomposition  by 
heat,  and  detonation 
with  hydrogen,  377 
— purity  determined, 
374 


specific  gravity,  374 

Nitrous  turpeth,  783 
Nitrurn  fixum,  551 
Nitrum  Jlammans , 300 
Nitrurets,  1030 
Nitzsch  on  selenic  acid,  455 
Nobili  on  electricity,  301 

magnetism,  315 

Noble  metals,  521 
Nomenclature,  85,01 
— • — abstract  of  chemical, 
320 


difficulty  of  its  applica- 
tion to  hydrocarbons, 
400 

of  alkaloids,  remarks 

on,  1023,  note 
Non-electrics,  225 
Nordliausen,  or  German  sul- 
phuric acid,  424 
Northern  lights,  254,  257 
Norton,  15 

Nooth’s  apparatus,  473 
N ucleus  in  crystallization,  111 
Nut  oil,  054 
Nutmeg-oil,  057 

its  purity  tested,  057 

Nutmegs,  1060 


Oak  bark,  1053 
Oberkampf  on  precipitates 
of  gold,  81 7 

Observers  of  thunder-storms, 
252 

Obsidian,  856,  note 
Ochroit,  730 
Octoedrite,  736 
Odorin,  1132 
Odour  of  blood,  1146 
Odours  destroyed  by  char- 
coal, 461 

by  chlorine,  333 

(Enothionic  acid,  1080 
CErsted  on  compression  of 
water,  357 

electro-magnetism,  308 

piperin,  1041 

Oil,  almond,  055 

— animal,  1131 

— beech-nut,  056 

— capacity  of,  for  heat,  148 

— castor,  054 

— cocoa-nut,  057 

— colsa  or  cole-seed,  056 

— croton,  055 

— empyreumatie,  1131 

— essential,  065 

— gallipoli,  055 

— hemp,  054 

— linseed,  054 

— mustard-seed,  its  peculiar 

acid,  056,  note 

— neats’-foot,  1186 

— nut,  054 

— nutmeg,  057 

— olive,  055 

— palm,  0 57 

— philosophers’,  052 

— poppy,  054 

— preservation  of  meat  by, 

1133 

— quantity  of  gas  afforded 

by  406 

*j 

— rape,  056 

— spermaceti,  1187 

— stearin  e of,  1187 

— train,  1187 

— walnut,  054 

— watchmakers’,  056 

— whale,  1187 

— for  clock-work,  1186 

— of  amber,  070 

— ben,  056 

— bricks,  052 

— cinnamon,  971 

— cloves,  071 

— copivi,  971 

— lime,  593 

— pimento,  971 

— tartar,  per  deliquium , 

562 

— turpentine,  967 

— — action  of  muriatic  acid 

gas  on,  970 

— — hydrate  of,  969 


Oil  of  turpentine,  its  compo- 
sition, 967 

— — its  sources  and  pro- 

perties, 967 

— — its  sp.  gr.,  liquid,  and 

vapour,  967 

— of  wine,  1092 

composition  of,  1093 

— — (heavy),  1092 

(light),  1004 

its  sp.  gr.,  1094 

— of  vitriol,  421 

— — its  discovery,  19 

— gas,  496 

— — illumination  by  406 

— — its  sudden  expansion, 

484,  note 

liquor,  487,  480 

Oiling  crystals  prevents  their 
efflorescence,  109 
Oils,  action  of  various  agents 
on,  1186 

— animal,  uses  of  in  soap- 

making, 050 

— concrete,  957 

— drying,  952,  954 

— essential,  965 
- — fixed,  951 

action  of  acids  on,  953 

—  air  on,  952 

alkalies  on,  953 

chlorine  on,  953 

—  heat  on,  952 

—  metallic  oxides  on, 

953 

oxygen  on,  952 

— — decomposition  of  by 

heat,  952 

— - — distillation  of,  952 

— — saponification  of,  059 

and  note 

— — solubility  of  in  alcohol, 

954-956 

— in  ether,  955,  956 

—  phosphorus  in,  953 

—  sulphur  in,  953 

— — their  specific  gravi- 

ties, 951 

— — ultimate  analysis  of, 

953 

— greasy,  955 

— scented,  956 

— vegetable,  951 

— volatile,  965 

action  of  nitric  acid 

on,  966 

— reagents  on,  966 

— • — distillation  of,  965 

inflammation  of,  966 

recipient  for,  965 

— — relative  quantity  of 

from  different  materials, 
967 

— — specific  gravity  of,  966 

— — tests  of  their  purity, 

966 
4 N 2 
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Oils,  volatile,  their  general 
characters,  966 
Olanin,  1132 
Olcate  of  ammonia,  964 

baryta,  964 

copper,  964 

lead,  964 

• potassa,  964 

soda,  964 

Olefiant  gas,  483 

its  volume,  480 

and  bromine,  486 

and  chlorine,  485 

and  iodine,  486 

Oleic  acid,  964 

anhydrous,  964 

crystallized,  964 

Olein,  952 
O leone,  964 
Oleum , 1132 

Oleum  vitrioli  dulce , 1080 
Olibanum,  977 
Olive  oil,  955 

its  bad  electrical  con- 
ducting power,  955 

test  of  its  purity,  955 

Olivin,  860 
Olivine,  629 
Onions,  1049 
Onyx,  855,  note 
Oolite,  604 
Opal,  855,  note 
Opium,  1015 

its  active  principles, 

1016 

Egyptian,  1020 

Opposite  electrical  states,  226 
Opuscula , Bergman’s,  73 
Opus  majus,  6 
Orange-peel,  1059 
Orchis  mascula , 1051 
Orchis-root,  1051 
Ordinal 'l  of  Alchemy , 15 
Ores  of  antimony,  723, 727,  n. 

■ — arsenic,  744 

— bismuth,  728 

— chromium,  7 66,  771 

— cobalt,  683 

— copper,  69 6,  702 

— gold,  814 

— iron,  641,  659 

— lead,  715 

— manganese,  630 

— mercury,  784 

— nickel,  688 

— platinum,  821 

— silver,  800,  807 
— - tellurium,  742 

— tin,  6*74 

— titanium,  736 

— zinc,  672 
Orfila  on  arsenic,  745 

barytic  salts,  614 

detection  of  blood,  1150 

sulphurets  of  arsenic, 

755 


Orfila  on  tin,  674 
Organic  analysis,  879 

— caoutchouc-tubes, 

uses  of  in,  889,  note 

— carbonic  acid  in, 

how  estimated,  888 

chlorate  of  potassa  used 

in,  882 

difficulties  of,  882 

gases  evolved  in  pre- 
cautions regarding,  890 
and  note 

nitrogen  evolved  in, 

how  collected,  885 

oxide  of  copper  used  in, 

883 

Prout’s  apparatus  for, 

887 

use  of  chloride  of  cal- 
cium in,  884 

use  of  copper-shavings 

in,  884 

use  of  solution  of  po- 
tassa in,  885 

water  in,  weight  of,  how 

estimated,  884 
Organic  bodies,  their  ulti- 
mate elements,  881 

tissues,  permeable  by 

hydrogen,  350 

and  inorganic  bodies, 

distinction  between, 979 
Orpiment,  754 
its  ammoniacal  solu- 
tion, 754 

native,  755 

Orselle,  938 
Orthite,  739,  845 
Oryza  sativa,  1060 
Osann  on  tartaric  acid,  989 
Osmazome,  1055,  1183  and 
note 

vegetable,  1055,  1056 

Osmic  acid,  839 
Osmio-chlorides,  839 
Osmium,  its  alloys,  839 

— bichloride,  839 

— binoxide,  839 

— chloride,  839 

— hydrated  oxide,  838 

name,  origin  of,  839 

oxides,  838,  839 

perchloride,  839 

peroxide,  839 

— odour  of  its  va- 
pour, 839 

preparation,  838 

— properties,  838 

protochloride,  839 

— protoxide,  838 

sesquichloride,  839 

sesquioxide,  838 

— sources,  838 

specific  gravity,  838 

— — — sulphurets,  839 
teroxide,  839 


Oudry  on  thein,  1048 
Ovalbumen,  1140 
Oxalate  of  alumina,  1004 

ammonia,  999 

— destructive  distilla- 

lation  of,  999 

• — used  as  a test  for 

lime,  999 

antimony,  1003 

• baryta,  1001 

bismuth,  1003 

cadmium,  1002 

cerium,  1003 

chromium,  1004 

cinchonia,  1025 

cobalt,  1003 

columbium,  1004 

copper,  1002 

and  ammonia,  1002 

■ — potassa,  1003 

soda,  1003 

iron,  1002 

lead,  713,  1003 

— lime,  605,  1001 

anhydrous,  1001 

existence  of  in  cal- 
culi, 1001 

• — or  mulberry  calculi, 

1001 

use  of  in  quantita- 
tive analysis,  1001 

lithia,  1000 

magnesia,  1002 

manganese,  1002 

mercury,  1004 

— — molybdenum,  1004 

nickel,  689,  1004 

potassa,  1000 

quinia,  1029 

silver,  1004 

soda,  1000 

strontia,  1002 

tin,  1002 

titanium,  1004 

uranium,  1003 

zinc,  1002 

Oxalic  acid,  997 

action  of  chlorine  on, 

998 

heat  on,  998 

sulphuric  acid  on, 

998 

antidote  for  poisoning 

by,  998 

anhydrous,  998 

its  composition,  998 

— * — ■ — crystals,  997 

— decomposition,  998 

desiccation,  997 

— distinction  from 

Epsom  salts,  998 

intense  sourness, 

998 

poisonous  nature, 

998 

solubility,  997 


Oxalic  acid,  its  sources  and 
properties,  997 
Oxalic  ether,  1 100 
Oxalis  acetosella , 997,  1900 
Oxalmide,  or  oxamirle,  999 
Oxalvinate  of  baryta,  1101 

■ potassa,  1101 

Oxalvinic  acid,  1101 
Oxamethane,  1101 
Oxamide,  973 

or  Oxalmide,  999 

— — action  of  various  re- 

agents on,  999 

composition  of,  999, 

1000 

properties  of,  999 

Ox  bones,  1192 

— fat,  1185 

— gall,  1159,  11G1 
Oxidation,  330 

of  metallic  alloys,  533 

— substances  bv  the 

•/ 

blowpipe,  520,  note 

steel,  the  cause  of  its 

colour,  666,  note 
Oxide  of  aluminum,  849 

antimony,  729 

arsenic,  744,  746 

barium,  606 

•  bismuth,  729 

cadmium,  681 

— hydrated,  681 

calcium,  591 

carbon,  464 

cerium,  739 

• — — chlorine,  sp.  gr.  of,  335, 
337 

chromium,  7 66 

•  cobalt,  684 

ammoniated,  685 

— liydrosulphuretted, 

687  ‘ 

columbium,  782 

copper,  697 

its  action  on  sugar , 

903 

its  use  in  organic  ana- 
lysis, 883 

glucinum,  841 

gold,  814 

hydrocarbon,  96 7 

iodine,  341 

iridium,  840 

lead,  711 

its  combination  with 

sugar,  903 

magnesium,  620 

manganese,  630 

manganese,  its  appear- 
ance before  the  blow- 
pipe, 639 

mercury,  734 

— — molybdenum,  760 

nickel,  689 

osmium,  838,  839 

palladium,  834 
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Oxide  of  phosphorus,  441 

platinum,  826 

potassium,  538 

rhodium,  836 

selenium,  454 

silieium,  854 

silver,  802 

thorinum,  847 

tin,  674 

tin,  native,  674 

titanium,  736,  737 

tungsten,  773 

vanadium,  776 

yttrium,  846 

zinc,  668 

zirconium,  842 

Oxides,  metallic,  521 

on  fixed  oils,  953 

liydrosulphuretted,  529 

Oxiodic  acid,  343 
Oxidizement,  330 
Oxidum  manganoso  manga- 
nicum , 633 

Oxyacids  salts  of,  524,  note 

their  combinations  with 

methylene,  1127 
Oxy chlorate  of  potassa,  544 
Oxygen  hinted  at  by  Hooke, 
89 

Mayow,  89 

Rey,  89 

Scheele,  89 

Priestley’s  right  to  its 

discovery,  67,  note 

absorbed  by  water,  357 

as  unity,  220 

becomes  luminous  on 

compression,  329 

derivation  of  the  name, 

327 

combustion  of  charcoal 

in,  470 

diamond  in,  467 

iron  in,  329,  640 

phosphorus  in,  329 

phosphuretted  hy- 
drogen in,  451 

sulphur  in,  329 

from  chlorate  of  potash, 

327 

from  oxide  of  manga- 
nese, 327 

of  mercury,  327 

gaseous,  never  evolved 

when  bodies  decompose 
water,  358 

permanently  elastic, 

328 

sources  of,  327 

supports  combustion, 

329 

— respiration,  329 

its  absorption  by  char- 
coal, 461 

melted  silver, 

801 
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Oxygen,  its  action  on  fixed 
oils,  952 

upon  metals,  521 

— attraction  by  metals, 

order  of,  535 

discovery,  63,  327 

— emission  by  plants, 

65,  183,  873* 

sp.  gravity,  328 

union  with  bromine, 

346 

carbon,  464 

chlorine,  334 

cyanogen,  501 

—  hydrogen,  351, 

353 

—  iodine,  341 

metals,  521 

nitrogen  in  five 

proportions,  374  et  seq. 

phosphorus,  441 

selenium,  454 

— - — — — sulphur,  419 

and  hydrogen,  circum- 
stances under  which 
they  do  not  explode, 
415 

unite  by  compres- 
sion, 352 

Oxygenated  water,  how  pre- 
pared, 358 

its  properties,  360 

Oxyhydrogen  blowpipe,  no- 
tice of,  350 

jet,  350 

Oxyprussic  acid,  502 
Oxymuriate  of  lime,  594 

instrument  for  its 

analysis,  594 

potash,  542 

— — ■ mercury,  789 

tin,  677 

Oxy-water,  358 
Oysanite,  736 

Pagensteciier  on  guaiacum, 
977,  note 

test  for  copper,  977,  n. 

Painters’  varnish,  954 
Pakfong,  694 
Pale  bark,  1052 
Palladio-cyanuret  of  potas- 
sium, 835 

Palladio-perchloride  of  po- 
tassium, 835 

Palladio-protochloride  of  po- 
tassium, 835 
Palladium,  833 

destroys  the  colour  of 

gold,  835 

malleable,  process  for 

obtaining,  833 

native,  834 

tests  for,  836 

its  alloys,  835 

alloy  with  gold,  835 
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Palladium,  its  amalgam,  835 

— bichloride,  835 

— b inoxide,  834 

— carburet,  835 

— — chlorides,  835 

— cyanuret,  833,  835 

— hydrated  protoxide, 

834 

— oxides,  834 

— phosphuret,  835 

— preparation,  834 

properties,  834 

• — protochloride,  835 

protoxide,  834 

— salts,  their  general 

characters,  836 

sources,  833 

specific  gravity,  834 

— sulphuret,  835 

Palmic  acid,  965,  note 
Palmine,  965,  note 
Palm  oil,  957 
Panacea  Holsatica,  559 
Panchymagogum  miner  ale , 
786 

Pancreatic  juice,  1164 
Pane,  electrical,  239 
Paper  becomes  electrical  by 
friction,  223 

made  from  wood,  920 

Papin’s  digester,  163 
Paracelsus,  21 
Paradoxical  experiment,  162 
Paraffine,  495,  984 

— derivation  of  the  name, 

984 

properties  of,  984 

Paramalseates,  1011 
Paramalseic  acid,  1011 
Paranaplithaliu,  494 
Paratartaric  acid,  1065,  note 
Parillin,  1047,  note 
Paris,  Dr.,  on  elatin,  1045 

plaster  of,  598 

Parkes  on  coal-gas,  495 
— — tin-plate,  679 

mineral  waters,  1211 

Parry,  Capt.,  on  low  natural 
temperature,  147 
Parsneps,  1051 
Parts  of  plants,  barks,  1052 

woods,  1053 

Paschal  on  the  barometer, 
400 

Pastes,  868 
Pastinaca  sativa , 1051 
Patent  yellow,  713 
Paul  on  sulphate  of  lime, 
598 

Payen  on  charcoal,  461 

chloride  of  soda,  574 

inulin,  914 

Peach-blossom  cobalt,  751 
Peach-wood,  937 
Pearl-ash,  562 
— ~ — its  purification,  566 


Pearl  white,  730 
Pearls,  1192 
Pears,  1061 

Pearsall  on  manganesic 
acid,  635 

phosphorescence,  200 

Pearson  on  James’s  powder, 
725 

laccic  acid,  940 

mineral  waters,  1211 

potato  starch,  908,  note 

Peas,  922,  1056 
Peat,  984 
Pechblende,  732 
Pectate  of  lime,  896 

potassa,  897 

Pectic  acid,  896 
its  preparation  and  pro- 
perties, 897 
Pectin,  896 

Pelletier  on  carbonate  of 
copper,  716 

gold,  815 

iodide  of  gold,  818 

metallic  phosphurets, 

531 

narceia,  1018 

oxide  of  gold,  815 

and  Caventou  on  am- 
bergris, 1190 

— caffein,  1043 

— cinchonine,  1023 

— cochineal,  939 

— fat,  1189 

— iatrophic  acid,  955 

— Peruvian  bark,  1052 

quinia,  1026 

— strychnia  and  bru- 

cia,  1032 

■ — stry clinic  acid,  1034 

— veratria,  1035 

and  Coriol  on  aricina, 

1029 

and  Majendie  on  eme- 

tina,  1040 

— ipecacuhana,  1050 

Pellicle  in  crystallization,  109 
Pelouze  on  gallic  acid,  931 

hydrocyanic  ether,  1108 

oxide  of  phosphorus, 

441 

salicin,  1041 

tannin,  927 

and  Liebig  on  ethero- 

pliosphoric  acid,  1097 
Pendulum,  length  of  the,  127, 
1202 

Pentelic  marble,  603 
Pepper,  black,  1041,  1061 
active  principle  of, 

1041 

Pepys  on  diamonds,  665,  n. 

enamel  of  teeth,  1192 

sulphuret  of  iron,  645 

Pepys’s  eudiometer,  409 
gas-holder,  324 


Peracetate  of  iron,  1118 

mercury,  1123 

tin,  1119 

uranium,  734 

Perarseniate  of  iron,  750 
Perbenzoate  of  iron,  976 
Perborate  of  iron,  658 
Perbromide  of  mercury,  702 
tin,  677 

Percarbonate  of  cerium,  741 

iron,  651 

mercury,  796 

uranium,  735 

Perchlorate  of  mercury,  701 

potassa,  544 

Percliloride  of  antimony,  722 
carbon,  477 

chromium,  773 

gold,  816 

— — iridium,  840 

iron,  642 

manganese,  635 

mercury,  789 

molybdenum,  763 

osmium,  839 

phosphorus,  447 

platinum,  828 

rhodium,  837 

selenium,  456“ 

tin,  676 

tungsten,  781 

Perchromate  of  tin,  771 
Percitrate  of  iron,  1008 

mercury,  1009 

Percussion  produces  mag- 
netism, 307 

caps,  powder  for,  544 

powder,  composition  of, 

544 

Perfluoride  of  chromium,  773 
— — molybdenum,  763 
Perfumed  essences,  966 
Periodide  of  iron,  644 

mercury,  791 

phosphorus,  450 

tin,  677 

Perkins  on  the  compression 
of  water,  357 
Permanent  crystals,  109 

ink,  806 

magnetism,  305 

white,  611 

Permanganic  acid,  635 
Permuriate  of  tin,  677 

iron,  643 

Pernitrate  of  iron,  644 

platinum,  830 

mercury,  793 

Peroxalate  of  iron,  1002 

molybdenum,  1004 

Peroxide  of  antimony,  721 

iron,  anhydrous,  641 

— hydrated,  641 

barium,  606 

bismuth,  729 

calcium,  592 
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Peroxide  of  cerium,  740 

chromium  (chromic 

acicl),  768 

cobalt,  G84 

gold,  815 

iron,  641 

lead,  712 

manganese,  682 

— ■ — — its  singular  electro- 
chemical characters, 
633,  note 

mercury,  785 

molybdenum,  761 

nickel,  689 

osmium,  839 

platinum,  827 

potassium,  538,  541 

rhodium,  236 

silver,  802 

sodium,  572 

strontium,  615 

tin,  075 

— hydrated,  675 

titanium,  787 

uranium,  783 

Perpetual  motions,  electrical, 
262 

Perphosphate  of  iron,  649 

mercury,  79  6 

uranium,  734 

Perry,  1066 

Personal  safety  during  a 
thunder-storm,  250 
Perspiration,  1197 
Persuccinate  of  iron,  981 
Persulphate  of  cerium,  741 

iron,  648 

and  potassa,  649 

mercury,  789,  796 

* platinum,  827,  831 

potassa  and  uranium, 

734 

Persulphocyanuret  of  iron, 
658 

Persulphuret  of  antimony, 
724 

arsenic,  755 

molybdenum,  7 65 

Pertannate  of  iron,  929 
Pertartrate  of  iron,  994 
Peruvian  bark,  active  prin- 
ciple of  pale,  red,  and 
yellow,  1023 

bark,  varieties  of,  1023, 

and  note 

barks,  1052 

Petalite,  588,  861 
Petrifying  well,  603 
Petroleum,  491,  982 
Pettenkofer  on  Secale  cor- 
nutum , 1062 
Pewter,  719,  727 
Pfaff  on  caffein,  1044 

salts  of  rhodium,  837 

Solanum  dulcamara , 

1054 


Pfaff  on  sulphate  of  baryta, 

611 

tartrate  of  manganese, 

994 

testing  for  baryta,  611 

Pharmacolite,  749 
Pharmacopoeia,  London,  pre- 
parations of  the,  viz : 

ammonia  subcarbonas , 

476 

argenti  nitras , 805 

ferrum  ammoniatum , 

643 

hydrargyri  nitrico  oxy- 

dum , 793 

— • oxidum  cinereum , 

784 

— — rubrum , 785 

— sulphuretum  ni- 
grum,, 794 

liquor  ammonia,  393 

— — acetatis,  1116 

— — subcarbonatis, 

476 

— arsenical  is , 746 

— ferri  alkalini ,,  644 

— plumbi  subacetatis , 

J 1122 

— potassa,  540 

milk  of  sulphur,  419 

muriatic  acid,  364 

nitric  acid,  382 

potassa  fusa,  539 

potassa  sulphas,  558 

precipitated  sulphur, 

419 

— pulvis  antimonialis,  725 

rectified  spirit,  1072 

soda  tartarizata,  993 

subcarbonate  of  soda, 

585 

— potash,  562 

Phenicin,  945 
Phial,  Leyden,  239 
Philip,  Dr.  W.,  on  galva- 
nism, 259,  note 
Phillips,  R.  on  ammonia 
subcarbonas , 476 

on  baryta-water,  606 

— — carbonate  of  copper, 

706 

chloride  of  barium,  607 

dicliloride  of  carbon, 

478 

ether,  1081 

— — liquor  ammonia,  393 

magnesia  and  lime,  629 

mineral  waters,  1211 

muriatic  acid,  364 

sesquisulphate  of  po- 
tassa, 559 

sesquicarbonate  of 

soda,  586 

• solution  of  lime,  592 

— strontia,  615 

sulphate  of  nickel,  691 


Phillips,  R.,  on  testing  for 
iron,  1206 

variegated  copper,  702 

verdigris,  1120 

W.,  on  the  goniome- 
ter, 116 

Philosophers’  oil,  952 
— * — • stone,  13 

wool,  668 

Philosophy,  chemical,  Fa- 
thers of,  2 

Phlogisticated  air,  371 

sulphuric  acid,  419 

Phlogiston,  33,  380 
Phocenate  of  baryta,  1188 

lead,  1188 

— — potassa,  1188 

soda,  1188 

strontia,  1188 

Phocenic  acid,  1187 
Phocenine,  1188 
Phosgene  gas,  466 

■ derivation  of  the  term, 

466 

Phosphate  of  alumina,  853 
— • — — and  litliia,  853 

ammonia,  446 

renders  fabrics  in- 
combustible, 446 

— and  magnesia,  625 

of  antimony,  725 

baryta,  612 

bismuth,  731 

cadmium,  682 

chromium,  775 

cobalt,  687 

— — copper,  705 

— — native,  705 

glucina,  842 

lead,  717 

lime,  600 

in  calculi,  1177 

— eggs,  1189,  note 

shell  and  bone, 

1192 

native,  601 

of  lithia,  590 

magnesia,  625 

— crystallized,  625 

— — — manganese,  638 

mercury,  796 

nickel,  691 

potassa,  560 

quinia,  1029 

silver,  809 

soda,  582 

a test  of  magnesia, 

626 

and  ammonia,  a flux 

for  the  blowpipe,  520, 
note 

of  strontia,  618 

titanium,  738 

yttria,  845,  846 

zinc,  672 

zirconia,  845 
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Phosphates,  444 

•  metallic,  531 

isomeric,  varieties 

of,  531,  note 

neutral,  444 

Phosphatic  acid,  433 
Phosphite  of  baryta,  612 

cobalt,  687 

lead,  717 

lime,  600 

manganese,  638 

mercury,  706 

nickel,  601 

potassa,  560 

silver,  809 

soda,  582 

strontia,  618 

tin,  670 

zinc,  672 

Phosphites,  metallic,  531 
Phosphorana,  447,  note 
Phosphorane,  447,  note 
Phosphorescence  of  calomel, 
788 

elilorophane,  596 

nitrate  of  lime,  597 

Phosphorescent  light,  197 
Pliospliori,  197,  596 

vegetable,  201 

Phosphoric  acid,  441,  443 

anhydrous,  443 

glacial,  444,  602 

hydrated,  444 

— - — . its  action  on  metals, 
531 

■ — distinction  from  all 

other  acids,  444 

preparation,  443 

and  note 

Phosphoric  match-boxes,  441 
Phosphorite,  601 
Phosphorus,  437 

•  discovered  by  Brandt, 

437 

made  by  Godfrey  Hanc- 

kwitz,  437 

carbonates  decomposed 

by  at  high  tempera- 
tures, 474 

cautions  regarding  the 

handling  of,  440 
decomposes  water  un- 
der the  influence  of 
light,  439 

■ derivation  of  the  term, 

437 

hydrogen  found  in,  452 

glass  of,  438 

inflames  by  friction, 

440 

metals  precipitated  by, 

531 

its  acid  compounds,  441 

— acidification  by  ni- 
tric acid,  443  and  note , 
444 


Phosphorus,  its  acidification 
by  oxygen,  443 

action  on  metals, 

530 

ammonio-sesquichlo- 

ride,  449 

its  ammoniuret,  452 

bromide,  448 

— chloride,  action  of 

ammonia  on,  448 

— colour  affected  by 

violet  light,  439 
combustion  in  chlo- 
rine, 333 

— combustion  in  oxy- 
gen, 329 

in  vacuo,  440 

with  nitre,  551 

crystals,  439 

detonation  with 

chlorate  of  potassa, 
543 

discovery,  details 

of,  437 

— eudiometrical  uses, 

409 

flame,  415 

hydroguret,  450 

inflammability,  440 

— iodide,  449 

luminosity,  440 

medicinal  uses,  439 

oxide,  441 

— preparation,  437 

on  the  large 

scale,  438 

7-  perbromide,  448 

percliloride,  447 

— per  iodide,  450 

poisonous  nature, 

439 


— presence  in  the 
brain,  1191 

— properties,  439 

— protobromide,  448 

— protochloride,  447 

— purification,  439 

— sesquibromide,  448 

— sesquichloride,  447 
• — sesquihydroguret, 


451 


— sesquiodide,  449 

— slow  combustion, 
440 

— solution  in  alcohol, 

1078 

— — ether,  1086 

— • — fixed  oils,  953 

— specific  gravity,  439 

— union  with  bromine, 
448 


carbon,  510 

chlorine,  446 

— — hydrogen,  450 

— — iodine,  449 

metals,  530 


Phosphorus,  its  union  with 
oxygen,  441 

— — • selenium,  458 

sulphur,  452 

use  in  eudiometry, 

410 

vapour,  439 

sp.  gr.  of,  439 

Baldwin’s,  597 

Bolognian,  611 

Homberg’s,  593 

acid,  441 

hydrated,  451 

Phosphovinic  acid,  1097 
Phosphuret  of  aluminum, 853 

ammonia,  452 

antimony,  725 

arsenic,  757 

barium,  441,  612 

bismuth,  731 

cadmium,  682 

calcium,  600 

— — carbon,  439,  510 

cerium,  741 

chromium,  775 

cobalt,  687 

copper,  705 

gold,  818- 

iron,  649 

lead,  717 

lime,  450 

magnesium,  625 

manganese,  638 

mercury,  796 

nickel,  691 

nitrogen,  449 

^palladium,  835 

platinum,  831 

potassium,  559 

selenium,  458 

silieium,  858 

— — silver,  809 

sodium,  582 

• strontium,  618 

sulphur,  452 

tin,  679 

titanium,  738 

tungsten,  781 

uranium,  734  , 

vanadium,  778 

zinc,  672 

Phospliurets,  metallic,  530 
Phosphuretted  hydrogen, 450, 
600 

— flashes  in  a good 

vacuum,  415 

— its  analogy  to  a sa- 
lifiable base,  452,  note 

— — combustion  in 

chlorine,  451 

— — combustion  in 

oxygen,  451 

— — — rarefied  air, 

451 

preparation, 450 

specific  gr.,  451 
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Phosplmretted  hydrogen,  its 
spontaneous  combus- 
tion, 450 

Physica  Subterranea , 3d,  and 
note 

Physical  characters  of  metals, 

517 

Physiological  effects  of  elec- 
tricity, 298 
Picamar,  bob',  987 

its  combination  with 

bases,  988 
Picroglycion,  1054 
Picromel,  1100 
Picrotoxia,  1038 
its  preparation  and  pro- 
perty, 1038 

Pictet  on  a photometer,  191, 
note 

Piedmontese  rice,  1060 
Pile,  thermo-electric,  303 

— Volta’s,  93,  204 

— Zamboni’s,"  260 
Pilula  hydrargyria  785 
Pimento,  oil  of,  971 
Pinate  of  ammonia,  978 

copper,  978 

potassa,  978 

soda,  978 

Pinchbeck,  709 

Pinic  acid,  978 
Pinit,  801 

Pink  colour  of  manganesic 
solutions,  634,  note 
Pinus  silvestids,  1052 
Pipe-clay,  8G1,  note 
Piper  cubeba , 1061 

* nigrum , 1041,  1001 

Piperin , 1041 
Pisolite,  004 
Pisurn  sativum , 1056 
Pitch,  mineral,  982 
Pitchstone,  856,  note 
Pit-coal,  982 

Pith-balls  useful  in  electrical 
experiments,  227,  237 
Pith  of  palms,  908,  note 
Pittical,  derivation  of  the 
name,  988 

its  properties,  988 

Planche  on  ether,  1086 
Planes  of  cleavage,  114 
Planetary  bodies,  metals 
named  after,  515 
Plants,  aquatic,  875 

ashes  of,  contain  alkali, 

563 

emission  of  oxygen  by, 

65,  183,  875 

imbibe  air,  65 

parts  of,  1049 

radiate  heat,  202 

roots  of,  1049 

saline  and  earthy  mat- 
ters contained  in,  879 
their  alburnum,  871 


Plants,  their  bark,  871 

composition,  879 

cellular  tissue,  871 

cuticle,  872 

epidermis,  871 

flowers,  873,  1057 

action  of,  on  the 

atmosphere,  877 

— fruits,  action  of  on 

the  atmosphere,  877 

and  seeds,  1058 

— functions,  869 

— growth,  869 

— leaves,  873,  874, 

1056 

action  of  on  the 

atmosphere,  875 

liber , 871 

milky  juices,  917 

nourishment,  873 

proximate  elements, 

879 

putrefaction,  918 

roots,  873 

sap,  873,  and  note 

ibid. 

circulation  of,  874 

siliceous  epidermis, 

872 

spongioles,  873 

structure,  869 

tubes,  873 

ultimate  elements, 

878,  879 
Plaster,  959 

of  Paris,  598 

its  uses,  598 

stone,  598 

Plate,  electrical  machine, 233 

glass,  867 

machine,  electrical,  233 

Plated  articles,  separation  of 
silver  from,  808 
Plates,  large  voltaic,  270 
Plating  with  silver,  812 
Platinate  of  baryta,  829 
Platino-bichloride  of  ammo- 
nia, 828 

barium,  829 

potassium,  829 

sodium,  829 

chloride  of  calcium,  830 

silver,  830 

strontium,  830 

chlorides,  828 

protochloride  of  potas- 
sium, 828 
Platinum,  821 

clean  surfaces  of,  353, 

826 

crucibles,  fuel  for  heat- 
ing, 833 

eudiometrical  balls,  353 

fulminating,  827,  831 

malleable  process  for 

obtaining,  822 


Platinum,  pure,  821 

spongy,  826 

vessels  of,  how  cleansed, 

825,  note 

precautions  regard- 
ing their  use,  833 

wire,  tenacity  of,  826 

its  absorption  of  silicon, 

833 

action  upon  hydro- 
gen, 353 

— alloy  with  cobalt, 832 

. gold,  832 

silicium,  859 

silver,  832 

steel,  832 

alloys  with  metals, 

832 

amalgam,  832 

ammonio-muriate, 

828 

attraction  for  hydro- 
gen, 353 

bisulphuret,  830 

black  oxide,  826 

brittleness,  cause  of, 

833 

chlorides,  827 

— — combinations  how 

recognised,  833 

— cyanuret,  831 

with  potassium, 

831 

fusibility  increased 

by  other  metals,  832 
gold-coloured  alloy, 

832 

nitrates,  830 

oxides,  826 

perchloride,  828 

pernitrate,  830 

peroxide,  827 

persulphate, 827, 831 

phospliuret,  831 

protochloride,  827 

protonitrate,  830 

protosulphate,  830 

protosulplmret,  830 

• protoxide,  827 

salts,  their  general 

characters,  833 

sesquioxide,  827 

sources,  821 

sp.  gr.,  822,  826 

suboxide,  826 

sulphates,  831 

sulphocyanuret,  832 

sulphurets,  830 

welding,  832 

Plisson  on  iodide  of  arsenic, 
752 

Plumbago,  650 

a form  of  carbon,  463 

its  composition,  463 

crucibles,  803 

pots,  863 
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Plumbers’  solder,  719 
Plumbum  corneum , 713 
Plumula  of  seeds,  869 
Pneumatic  apparatus,  323 

chemistry  founded,  47 

improved,  6*3 

Poetry,  alchymical,  9,  16 
Points,  metallic,  attract  elec- 
tricity, 253 
Poison  for  Hies,  1054 
Poisoning  by  arsenic,  tests 
for,  758 

— treatment  of,  745 

by  oxalic  acid,  antidote 

for,  998,  note 

Poisonous  nature  of  alcohol, 

1071 

■ of  arsenic,  758 

arsenuretted  hydrogen, 

753 

baryta,  606 

bromine,  345 

carbonate  of  baryta, 

613 

carbonic  acid,  471 

chlorine,  332 

copper,  710 

corrosive  sublimate, 

1142 

— lead,  711 

mercury,  800 

prussic  acid,  505 

seleniuretted  hydrogen, 

413,  457 

sulphuretted  hydrogen, 

434 

tin,  674 

vegeto-alkalies,  1015 

et  seq. 

Polar  arrangement  of  electri- 
cal conductors,  226 

— chemical  decompositions 

effected  by  electricity, 
1296 

Polarity,  electrical,  238 

electro-magnetic,  311 

magnetic,  185 

Polarization  of  light,  179 
Poles,  voltaic,  termed  anode 
and  cathode,  268 
Poling  of  copper,  702 
Polished  metals  are  imperfect 
radiators  and  receivers 
of  heat,  516 

Pollen  of  flowers,  vegeto-ani- 
mal  principle  of,  918 
Pollenin,  918 

Polychrest  salt,  Glaser’s,  551 
Polychroite,  942 
Poly  gala  senega , 1051 
Polygonum  hydropiper , 1054 
Polyhedral  solids,  107 
Pomegranate  rind,  1061 
Pompholix,  668 
Poppy  oil,  954 
Populin,  1041 


Porcelain  clay,  861,  note 

continental,  862 

English,  862 

gilding,  821 

manufacture  of,  861 

oriental,  862 

painting,  colours  for,  862 

Porcellaneous  shells,  1191 
Porrett  on  cyanuret  of  mer- 
cury, 797 

onferrochyazicacid,654 

sulphuretted  chyazic 

acid,  507 

Wilson,  and  Kirk, 

Messrs.,  investigate 
chloride  of  nitrogen, 390 
Porter,  1064 
Portland  stone,  604 
Positive  electricity,  224 
Potash,  562 

alum,  851 

its  commercial  value 

ascertained,  564 

— muriate,  541 

— oxymuriate,  542 

«-  and  soda,  decomposed, 

93 

Potassa,  538 

anhydrous,  538 

caustic,  539 

— solution,  how  tested 

for  impurities,  540,  note 

its  preparation,  539 

chloride  oi'  platinum  a 

test  for,  573 

dry,  538 

fusa , 539 

pure,  sources  of,  568 

tartaric  acid  a test  of, 

992 

test  for,  573,  851 

its  acetate,  1116 

— ammonio-oxalate, 

1000 

— ammonio-sulphate, 

559 

— antimoniate,  722 

— antimonite,  721 

— aqueous  solutions, 

strength  of,  541 

• — argento-cyanate,811 

— arseniate,  748 

— arsenite,  746 

• — benzoate,  97 6 

— bicarbonate,  567 

bichromate,  770 

— bimargarate,  963 

bimolybdate,  762 

binarseniate,  748 

biniodate,  547 

— binoleate,  964 

b inoxalate,  1000 

bipliosphate,  561 

— biselenite,  561 

— bisilicate,  859 

— bisulphate,  558 


Potassa,  its  bistearate,  961 

bitartrate,  571,  989, 

991 

borate,  570 

— bromate,  547 

— butyrate,  1153 

— caproate,  1154 

— carbazotate,  948 

— carbonate,  562 

— caustic  solution  ab- 
sorbs carbonic  acid,  540 

acts  on  glass,  540 

ceruleo-sulphate,945 

— chlorate,  542 

— chromate,  767,  769 

— chromo-sulphate^ 

775 

— citrate,  1007 

— columbate,  783 

— croconate,  537,  note 

— cyanate,  501,  569 

— decomposition  by 

electricity,  93 

— deliquescence,  572 

— diborate,  570 

diphosphate,  560 

— distinction  from 

soda,  572 

— ferrocyanate,  651 

used  as  a test, 653 

— formiate,  1012, 1013 

— fulminate,  811 

hircate,  1 1 87 

— hydrate,  538,  539 

alkaline,  539 

crystallized,  540 

sources  of,  539, 

540,  note 

— liydriodate,  546 

— hydrocyanate,  568 

— hydrosulpliuret,  555 

— hyponitrite,  380,551 

— hypophosphite,  560 

— liyposulphate,  557 

— hyposulphite,  557 

with  silver,  808 

— indigotate,  950 

— iodate,  546 

isomorplious  salts, 

561 

— manganeseate,  634, 

note 

— margarate,  963 

— metagallate,  933 

— metallic  base,  535 

— molybdate,  762 

— nitrate,  548 

— nitro-tungstate,  780 

oleate,  964 

— oxalate,  1000 

with  copper,  1003 

oxalvinate,  1101 

— oxychloratc,  544 

— pectate,  897 

perchlorate,  544 

— — — pliocenate,  1188 
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Potassa,  its  phosphate,  5(50 

— phosphite,  500 

— pinate,  978 

— prussiate,  051 

used  as  a test,  G53 

— purpurate,  1172 

— quadrioxalate,  1000 

— quadriselenite,  501 

— quadristearate,  901 

— sebate,  1 1 80,  note 

— seleniate,  501 

— selenite,  501 

— sesquiearbonate,568  j 

— sesquisulpliate,  559 

— silicate,  854,  859 

with  lime,  800,  n. 

— ; — — silvate,  978 
— solution,  use  of  in 

organic  analysis,  885 

— stearate,  900,  901 

— succinate,  980 

— sulphate,  558 

with  alumina, 851 

cerium,  741 

chromium,  774 

copper,  705 

— nickel,  091 

yttria,  840 

sulphite,  557 

with  copper,  703 

— sulphovinate,  1090 

— supersulphate,  558 

supertartrate,  989, 

991 

strychnate,  1035 

— tannate,  929 

— tartrate,  991 

with  ammonia, 

992 

copper,  995 

iron,  995 

lead,  995 

lime,  994 

mercury,  997 

silver,  997 

soda,  993 

tin,  995 

tellurate,  743 

teriodate,  547 

— titaniate,  738 

— • tungstate,  780 

— ulmate,  924 

urate,  1171 

Potassa-chloride  of  uranium, 

734 

persulphate  of  uranium, 

734 

sulphate  of  chromium, 

of  cobalt,  087  [774 

— zirconia,  844 

Potasses  liquor , 540 

its  sp.  gr.,  540 

tested,  540,  note 

Potasses  sulphas , 558 
Potassium,  535 
discovered  by  Davy, 535 


Potassium,  protoxide  anhy- 
drous, 538 

— hydrated,  539 

its  action  on  ammonia, 

554 

— alloy  with  iron,  058 

sodium,  587 

tin,  079 

zinc,  073 

— alumino-fiuoridcs, 

850 

amalgam,  799 

argento-cyanuret, 

809 

— arsenio-protosul- 

phuret,  750 

— bichromate  of  chlo- 
ride of,  770 

bisulphuret,  550 

— borofluoride,  570 

— boruret,  570 

bromide,  344,  547 

carburet,  501 

— chloride,  541 

cobalto-cyanuret, 

G87 

— combustion  in  car- 
bonic acid  gas,  474 

muriatic  acid  gas, 

301 

cuprocyanuret,  707 

cuprodicyanu  ret,  7 07 

cyanuret,  508 

with  platinum, 

831 

ferrocyanuret,  051 

ferrosesquicyanuret, 

055 

a test  of  iron, 055 

fluoride,  371,  547 

with  zirconium, 

844  [538 

general  characters, 

hydrosulphuret,  555 

hydruret,  548 

iodide,  540 

ioduretted  iodide, 

540 

molybdotersulphu- 

ret,  764 

oxide,  538 

palladio  cyanuret, 

835 

perchloride,  835 

peroxide,  538,  541 

phosphuret,  559 

platino-bichloride, 

829 

protochloride, 828 

— preparation,  535 

by  the  action  of 

heat  on  potassa  and 
iron,  535 

carbonate 

of  potassa  and  char- 
coal, 537 


Potassium,  its  preparation  by 
voltaic  electricity,  530 

protochloride,  835 

protoxide,  538 

salts,  tests  for,  570 

their  general  cha- 
racters, 570 

seleniocyanuret,  570 

— seleniuret,  501 

silico-fluoride,  857, 

858 

sp.  gr.  538 

: — sub-oxide,  538 

sulpliocyanuret,  569 

sulphur  salts,  556 

sulphuret,  555 

titano-fluoride,  788 

zincocyanuret,  073 

Potassiuretted  hydrogen,  548 
Potasso-cliloride  of  mas:- 
nesium,  622 

fluoride  of  columbium, 

782 

zirconium,  844 

phosphate  of  soda,  584 

sulphate  of  manganese, 

638 

Potatoes,  908,  note , 1051 
Potato-starch,  908,  note 

hygrometric  property 

of,  915,  note 
Pot-metal,  719 
Potters’ -clay,  861,  note 
Pottery,  baking  of,  862 

blue  patterns  of,  862 

crucibles  of,  862 

glazing  of,  862 

manufacture  of,  861 

seggars  for,  862 

Pounxa,  587 

Powder,  fulminating,  552 

■ of  projection,  10 

Powdered  tin,  674 
Poutet  on  olive-oil,  955 
Practical  application  of  the 
atomic  theory,  220 
Prase,  855,  note 
Precipitated  sulphur,  419 
Precipitates,  coloured,  of 
metals,  530,  653,  656, 
930 

Precipitatum  per  se,  785 
Prehnite,  861 

Preservation  of  crystals,  109 
Pressure  affects  ebullition, 
163 

atmospheric,  table  of, 

401 

Priestley,  Dr.,  62 

on  air,  63,  413 

ammonia,  06 

eudiometry,  63 

fixed  air,  03 

muriatic  acid,  66,  362 

nitrous  air,  67 

oxide,  374 
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Priestley,  Dr.,  on  oxygen, 
63,  67,  note 

pneumatic  apparatus, 

66,  68 

sulphurous  acid,  66 

■  vegetation,  68 

vitriolic  acid  air,  66 

Primitive  form  of  crystals,  118 

diamond,  458 

marble,  603 

Prince  Pupert?s  drops,  866 

metal,  700 

Pringle,  Sir  John,  68 
Printers’  ink,  basis  of,  054 

varnish,  054 

Prism,  181 

of  spar,  115 

Products  of  combustion,  205, 
207 

Proof-spirit,  indefinite  mean- 
ing of  the  term,  1074, 
note 

- — — suggestions  for  a stand- 
ard of,  1074 
Proofs  (glass),  866 
Progressive  motion  of  light, 
174 

Protacetate  of  iron,  1118 

•  mercury,  1123 

tin,  1119 

Protarseniate  of  iron,  750 

hydrated,  750 

Protectors  for  copper-sheath- 
ing, 260,  282 

ships’  bottoms,  282 

Protethionic  acid,  1097 
Protiodide  of  carbon,  479 

iron,  643 

mercury,  791 

•  molybdenum,  763 

Protoborate  of  iron,  658 
Protobromide  of  carbon,  480 
iron,  644 

mercury,  792 

•  tin,  677 

Protocarbonate  of  cerium, 741 

iron,  650 

• — native,  650 

mercury,  796 

Protocarburet  of  nitrogen,  501 
Protochl  orate  of  mercury,  7 9 1 
Protochloride  of  antimony, 
722 

carbon,  478 

cerium,  740 

— gold,  815 

iron,  642 

■  iridium,  840 

manganese,  635 

mercury,  786,  788 

— — molybdenum,  763 

osmium,  839 

palladium,  835 

platinum,  827 

phosphorus,  447 

tin,  67 6 


Protocitrate  of  mercury,  1009 
Protocyanuret  of  iron,  orfer- 
rocyanogen,  651 
Protofluoride  of  molybde- 
num, 763 

Protohydrate  of  methylene, 

1126 

Protomuriate  of  iron,  642 

-2 tin,  67 6 

Protonitrate  of  iron,  644 

manganese,  636 

mercury,  792 

platinum,  830 

Protophosphate  of  cerium, 
741 

iron,  649 

native,  649 

mercury,  796 

Protosuccinate  of  iron,  981 
Protosulphate  of  cerium,  741 

and  potassa,  741 

iron,  647 

and  ammonia,  648 

and  potassa,  648 

manganese,  636 

mercury,  795 

platinum,  830 

uranium,  734 

Protosulpliite  of  iron,  646 
Protosulphocyanuret  of  iron, 
658 

Protosulpliuret  of  arsenic, 754 

iron,  645 

mercury,  794 

platinum,  830 

tin,  678 

Prototartrate  of  iron,  994 
Protoxalate  of  iron,  1002 

■ mercury,  1004 

• molybdenum,  1004 

Protoxide  of  antimony,  721 

barium,  606 

bismuth,  729 

cadmium,  681 

calcium,  591 

camphogen,  968 

carbon,  466 

cerium,  739 

hydrated,  740 

chromium,  7 66 

cobalt,  684 

copper,  698 

gold,  814 

iron,  640 

hydrated,  640 

of  lead,  711 

lithium,  588 

manganese,  631 

mercury,  784 

molybdenum,  760 

r nickel,  689 

osmium,  838 

palladium,  834 

platinum,  827 

potassium,  538 

— — rhodium,  836 


Protoxide  of  sodium,  57 1 

strontium,  615 

tin,  674 

titanium,  737 

uranium,  733 

vanadium,  77  6 

zinc,  668 

hydrated,  669 

Proust  on  antimony,  721,  et 
seq. 

arsenic  acid,  747 

arsenious  acid,  746 

barley  and  malt,  911 

granular  sugar,  905 

oxide  of  lead,  712 

mercury,  786 

— tin,  675 

subnitrate  of  copper, 

701 

sulphate  of  cobalt,  686 

sulphuret  of  lead,  715 

— iron,  645 

tarnished  silver,  801 

Prout  on  acetic  acid,  1109 

egg -albumen,  1138 

eggs,  1 1 89,  note 

gastric  juice,  1164 

lignin,  921 

— organic  analysis,  883, 

886,  887 

purpuric  acid,  1172 

■ sap,  873,  note 

selenium  in  air,  413 

• sp.  gr.  of  atmospheric 

air,  403 

sp.  gr.  of  hydrogen,  348 

starch,  913 

sugar,  904,  note , 913,  n. 

ultimate  analysis  of 

wood,  926 

urea,  1169 

urine,  1168 

wood-flour,  920 

Proximate  elements  of  animal 
matters,  1131 

vegetable  matters, 

881 

Prunus  cerasus , 877,  1061 
species  of,  contain  prus- 
sic acid,  505 
Prussian  blue,  656 

native,  649 

soluble,  658 

uses  of,  in  dyeing  and 

calico-printing,  935,  n. 
its  proximate  and  ulti- 
mate elements,  657 
Prussiate  of  potassa,  651 

— used  as  a test,  653 

Prussic  acid,  504 
Prussine,  499 

Pterocarpus  santalinus,  1054 
Puddling,  process  of,  664 
Pullna  water,  1214 
Pulvis  antimonialis , 725 
Pumice,  856,  note 
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Punica  granatum,  1061 
Purification  of  coal-gas  a 
subject  of  importance, 
495,  note 

nitre,  549 

pearl-asli,  568 

Purifiers  in  gas-works,  495 
Purple  powder  of  Cassius, 

677,  817 

■ quartz,  855,  note 

Purp  urate  of  ammonia,  1172 

baryta,  1172 

lime,  1172 

magnesia,  1172 

potassa,  1172 

soda,  1172 

Purpuric  acid,  11 71 
Pus,  1166 

Putrefaction,  animal,  retard- 
ed by  various  agents, 
1 133,  and  note 
P utrefacti ve  fermentation, 

1129 

Putty,  tin,  675 
Pyrites,  copper,  782 

iron,  645 

magnetic,  645 

Pyrmont  water,  1214 
Pvro-acetic  ether,  1124 

spirit,  1116,  1124 

Pyro-citric  acid,  898,  1009 
Pyro-electricity,  301 
Pyrogallates,  933 
Pyrogallic  acid,  932 
Pyroligneous  acid,  25,  1113 

manufacture  of,  1113 

produce  of,  from  woods, 

1113,  and  note 

purification  of,  1114 

Pyroligneous  spirit,  1125 
Pyromalic  acid,  1011 
Pyromeconate  of  lead,  1023 
Pyromeconic  acid,  898,  1023 
Py  rometer,  Daniell’s,  140 

Wedgwood’s,  140 

Pyromucates,  898 
Pyromucic  acid,  898 

isomeric  with  two  other 

acids,  898 

Pyrophoric  antimony,  996 

carburet  of  lead,  711, 

718,  719 

copper,  1119 

lead,  711 

Pyrophorus,  Gay  Lussac’s, 
558,  579 

Gobel’s,  995 

• Homberg’s,  28,  82,  852 

alum,  852 

sulphate  of  potassa,  558 

soda,  579 

tartrate  of  lead,  995 

Pyrophosphate  of  silver,  445, 
583,  809 

soda,  583 

Pyrophosphates,  445 


Pyrophosphoric  acid,  445 
Pyrorthite,  845 
Pvrotartaric  acid,  990 
Pyrotartrates,  990 
Pyrotechny,  nitrate  of  stron- 
tia  used  in,  616 
Pyro-uric  acid,  11 70 
Pyroxene,  860 

crystals  resembling, 

660,  note 

Pyroxylic  spirit,  920,  1109, 
1125 

Pyrus  communis  and  malus , 

1061 

Quaas,  or  Russian  beer,  1064 
Quadrant,  electrometer,  240 
Quadrihy drate  of  indigo,  946 
Quadrihydrocarbon,  490 
Quadrihy drocarburet,  489 
Quadriphosphate  of  lime,  601 
Quadriselenite  of  potassa, 
561 

soda,  582 

Quadriselenites,  455 
Quadristearate  of  potassa, 
961 

Quadrosulphuret  of  moly- 
bdenum, 765 

Quadrocarburetted  hydrogen, 
490 

Quadroxalate  of  potassa, 
1000 

Quantity  of  electricity,  265 

heat  in  bodies,  147 

Quartz,  its  varieties,  855,  n. 
Quassia  eoccelsa , 1054 

simarouba , 1053 

Quater-hydrated  hyposul- 
phate  of  baryta,  610 
Quercitanus,  22 
Quercitron  bark,  941 
Quercus  robur , 1053 
Quick-lime,  473,  591,  604 
Quicksilver,  784 
Quince  seed,  896 
Quinia,  1023 

action  of  various  re- 
agents on,  1026 

anhydrous,  1026 

its  acetate,  1029 

arseniate,  1029 

chlorate,  1029 

— disulphate,  1027 

— gallate,  1029 

— hydrate,  1026 

iodate,  1029 

muriate,  1028 

nitrate,  1029 

oxalate,  1029 

— phosphate,  1029 

sources  and  proper- 
ties, 1026 

■ — sulphate,  1026,  note , 

1027 

tannate,  1029 


Quinia,  its  tartrate,  1029 
Quinates,  or  cinchonates, 

1031 

Rabid  animals,  bite  of  treated 
with  nitric  acid,  387 
Racemate  of  lead,  1065,  note 
Racemic  acid,  1062,  1065,  n. 
Radical  vinegar,  1114 
Radicle  of  seeds,  869 
Radiant  heat,  see  Heat 
Radiated  celestine,  618 
Radiation,  mirrors  for,  188 
Radiators,  table  of,  194 
Rags,  sugar  obtained  from, 
919,  note 
Rain-water,  355 
Raisins,  cause  of  their  keep- 
ing, 1066,  note 
Ranunculus , 1054 
Rape  oil,  956 

Rapidity  of  the  passage  of 
electricity,  227 
Rarefaction,  influence  of  on 
combustion,  414 
— on  the  union  of  gase- 
ous bodies,  353,  361 
Rarefied  air,  combustion  in, 
414 

Raspail  on  albumen,  1140. 
note 

oxalate  of  lime,  1001 

starch,  909,  note 

Raw  sugar,  899 
Ray,  electrical,  238 

— of  light,  174 
Raymond  Lully,  discovers 

alcohol,  1070 

Rays  of  light,  calorific,  186 

chemical,  184 

colorific,  182 

elementary,  182 

Realgar,  754 
Receivers  of  heat,  193 
Recipient,  Italian,  for  vola- 
tile oils,  965 
Rectified  spirit,  1072 
Red  antimony,  725 

— bark,  1052 

— fire,  its  composition,  616 

— flame,  605,  615 

• — globules  of  the  blood, 
1136 

— ink,  recipe  for,  937 

— lead,  712 

— lotion,  700 

— ray  of  light,  its  heating 

power,  186 

— rose-leaves,  1058 

— sulphuret  of  arsenic,  754 

— wines,  10  70 

— vegetable,  936 

— alkanet,  938 

— archil,  938 

— Brazil  wood,  937 

— cliica,  939 
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Red  logwood,  937 

— madder,  936* 

— safflower,  936 

— sandal,  938 
Reduction  of  metals,  522 

the  ores  of  copper,  702 

iron,  659 

— lead,  715 

— silver,  801 

— zinc,  672 

Refining  sugar,  see  Sugar- 
refining, 

Reflection  of  heat,  187 

light,  178 

Refraction,  ordinary  of  light, 
175,  179 

extraordinary,  of  light, 

179 

(purification)  of  salt- 
petre, 548 

Refractive  power  of  dia- 
monds, 176,  459 

liquid  carbonic  acid, 

470 

•  various  substances,  177 

•  (double)  of  carbonate 

of  lime,  178 

— - hyposulphite  of 

strontia,  617 

• — sulphur,  417 

Refrangibility  of  light,  182 
Regenerated  sea-salt,  542 
Regularity  of  crystalline 
form,  109 

Reichenbach  on  capnomor, 
988 

eupion,  985 

kreosote,  985 

paraffine,  495,  984 

picamar,  987 

pittacal,  988 

Rennie  on  expansion  of  cast- 
iron  by  heat,  127 
Repulsion,  electrical,  222 

magnetic,  305 

Resin  gas,  496 
Resins,  action  of  various  re- 
agents on,  977 

— basis  of  varnishes,  978 

■ — general  characters  of,  977 

— gum,  977,  note 

• — non-conductors  of  electri- 

city, 977 

— solubility  of  in  alcohol, 

977 

— sp.  gr.  of,  977 
Respiration,  1197 

deteriorates  air,  65 

produces  carbonic  acid, 

473 

of  fishes,  1198 

vegetable,  875 

Retardation  of  electricity,  298 
Rete  mucosum , 1180 
discoloration  of  by  ni- 
trate of  silver,  806 
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Retention  of  heat  by  cloth- 
ing, 143 

Retinasphaltum,  982 
Retort  tube  for  oxygen,  328 
Retorts  for  coal-gas,  495 
vitrifiable  lute  for  coat- 
ing, 438 

Reussoii  pomegranates,  1061 
Rey  on  calcination,  31 
Rhabarbarin,  1046 
Rhapontiein,  1046 
Rhatany  root,  1050 
Rhein,  1046 
Rheum  palmatum,  1051 
Rhodio-chlorides,  837 
Rhodium,  836 

its  alloys,  837 

— alloy  with  lead,  836 

steel,  837 

its  chloride,  837 

— name,  derivation  of, 

836,  837 

oxides,  836 

perchloride,  837 

peroxide,  83 6 

* — preparation,  836 

properties,  836 

protoxide,  836 

— rose-coloured  chlo- 
ride, 836,  837 

— salts,  their  general 

characters,  837 
— — — sources,  836 

sp.  gr.,  836 

sulphuret,  837 

Rhombic  phosphate,  582 

spar,  double  refraction 

of,  178 

Rhubarb  root,  925,1046,1051 

active  principle  of,  1046 

analyses  of,  1046 

Rhus , 1054 

— radicans , 1056 

— toxicodendron , 1056 

— vernix , 1056 
Ribes  grossularia , 1061 
Rice,  1060 

Richman,  Prof.,  his  death  by 
atmospherical  electri- 
city, 249 

Richter  on  attraction,  40 
on  acetate  of  potassa, 

1117 

nickel,  689 

nitrate  of  magnesia,  622 

strontia,  616 

oxide  of  lead,  712 

solutions  of  carbonate 

of  potassa,  562 

the  atomic  theory,  40 

Ricinic  acid,  955,  965,  note 
Ricinus  communis , 1061 
Riffault  on  annnonio-phos- 
phate  of  magnesia,  627 

phosphate  of  magnesia, 

625 


Ringing  trees,  50 
Ripley,  George,  a poet  and 
a philosopher,  8 
Ritchie  on  alcohol,  1079,  n. 
Ritchie’s  galvanometer,  311 
Ritter  on  chemical  power  of 
solar  rays,  185 
Rive,  M.  de  la,  on  the  con- 
ducting powers  of  bro- 
mine and  water,  345,  n. 

his  circular  magnetic 

coil,  313 

Rive  and  Marcet  on  specific 
heat,  150 
River  water,  355 
Roasting  of  iron-ores,  659 
Robiquet  on  codeia,  1018 

liquorice-root,  1050 

Robison,  his  notice  of  Dr. 

Black,  53,  n 
Rocella,  938 

Rocellate  of  lime,  965,  note 
Rocellates,  965,  note 
Rocellic  acid,  965,  note 
Rochelle  salt,  993 
Rock  crystal,  855,  note 

— salt,  573 
Roemer  on  light,  174 
Roe  of  fish,  1189,  note 
Roestone,  604 
Roger  Bacon,  6 

Roget,  Dr.,  on  nitrous  oxide, 
375 

his  electro-magnetic 

cross,  309 
Roll  sulphur,  418 
Roots  of  plants,  873,  1049 
Roman  vitriol,  703 
Romas,  M.  de  his  electrical 
kite,  249 

on  electricity,  249 

Rome  de  Lisle  on  crystals, 
113 

Rosacic  acid,  1172 
Rosa  gallica,  1058 
Rose  on  annnonio-chloride  of 
phosphorus,  448 

— on  antimony,  728 

— chloride  of  antimony,  722 

— hypophosphorous  acid, 44 1 

— inulin,  914 

— oxide  of  mercury,  786 

— phosphite  of  tin,  6 79 

— pliosphuret  of  nitrogen, 

449 

— phosphuretted  hydrogen, 

452,  note 

— pyrotartaric  acid,  990 

— seleniuret  of  lead,  718 

— sil vie  acid,  978 

— sulphuret  of  bismuth,  731 

— — nickel,  690 

- — tartrate  of  manganese,  994 

— titanium,  737 

— and  Berzelius  on  sulphu- 

ret of  chromium,  774 
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Rose-colour  of  chloride  of 
rhodium,  830‘,  837 

— cut  diamond,  450 

— leaves,  1058 

— quartz,  855 
Rosin,  black,  078 

— white,  078 

— of  copper,  GOO 
Rotation,  Faraday’s  electro- 
magnetic, 310 

Rothoff  on  cobalt,  G84 

nickel,  680 

sulphate  of  cobalt,  G86 

Rouge,  037 
Rough  nitre,  548 

— soda,  581 

Rousseau  on  the  bad  electri- 
cal conducting  power  of 
olive-oil,  055 

Roy  on  expansion  by  heat, 
125,  12G 

Royal  Institution  battery, 260 
Royer  on  indigo,  046 
Rubia  tinctorum , 036,  1051 
Ruby,  850 

— copper,  608 

— silver  ore,  807 
Rudberg  on  alcohol,  1073 
Rules  for  correcting  the  vo- 
lumes of  gases,  404,  n. 

Rumford,  Count,  on  con- 
ducting-power, 143 

the  explosive  force  of 

gunpowder,  554 
Runge  on  caffein,  1044 

verdic  acid,  1014 

Runge’s  test  of  nitric  acid, 
387 

Rupert’s  drops,  866 
Rutherford,  Dr.,  on  nitro- 
gen, 371 

registering  thermome- 
ter, 140 
Rutilite,  736 
Rye,  922,  1062 

— ergot  of,  1062 

Sabadilline,  1036 
Saccharometer,  1064 
Safety,  personal,  during  a 
thunder  storm,  250 
Saffron,  942,  1058 

of  antimony,  724 

mars,  641 

Sage-leaves,  1057 
Sago,  908,  note 
Sal-alembroth,  700 
Sal-ammoniac,  fixed,  593 

a source  of  muriatic  acid 

gas,  362,  note 

its  sources  and  uses,  397 

Sal  de  duobus,  558 

— enixum , 559,  and  note 

— Jovis,  677 

— mirabile,  577 

— perlatum , 582 


Sal  prunella , 551 
• — • de  Seignette , 993 
Salicin,  1041 

Salifiable  bases  and  salts,  their 
action  on  gum,  895 
bases,  their  combina- 
tion with  sugar,  903 

— vegetable,  1015 

Salifying  substances,  318 
Saline  contents  of  sea-water, 
621 

— mineral  waters,  1 205, 1211 

— powders,  993 
Saliva,  1163 

— analysis  of,  1163 

— increased  secretion  of, 

1163 

Salivary  concretions,  1164 

matter,  1 1 63 

Salmon,  Dr.,  8 

on  transmutation,  9 

Salsola  soda , 584 
Salt,  common,  573 
its  crystals,  108 

— digestive,  of  Sylvius,  542 

— dulcified  spirit  of,  1105 

— petre,  548 

see  nitre  and  nitrate  of 

potassa. 

— preservation  of  food  by, 

1133 

— poly  direst,  Glaser’s,  551 

— regenerated,  542 

— sedative,  510 

— spirit  of,  363 

— of  Riverius,  1008 

— of  tartar,  561 

— Venus,  704 

— wood-sorrel,  1000 

— wormwood,  561,  1055 
Salts,  crystallization  of,  108 

— decrepitation  of  by  heat, 

109 

— haloide,  524,  note 

— metallic,  523 

— separation  of  by  crystal- 

lization, 111 

— of  the  hydracids,  524,  note 

— of  the  oxyacids,  524,  note 
Salvia  officinalis , 1057 
Sambucus  nigra , 1058 
Sandal-wood,  938,  1054 
Sandever,  866 

Sanguinaria , its  preparation 
and  properties,  1040 
Sapan  wood,  937 
Sap-green,  943 

— of  plants,  873,  and  note 

— of  the  rose-tree,  its  analy- 

sis, 874,  note 

— of  vegetables,  49 
Saponic  acids,  960 
Saponification,  acids  gene- 
rated during,  960 

of  fixed  oils,  959,  and  n. 

process  of,  958 


Saponin,  1046,  note 
Sapphire,  850 
Sardonyx,  855,  note 
Sarsaparilla,  1047,  note,  1051 

active  principle  of,  1047 

extract  of,  1051 

Sassolin,  511 
Satin  gypsum,  599 
— spar,  603 

Saturated  solutions,  boiling- 
points  of,  161 
Saturn,  7 1 1 

Saunders  on  mineral  waters, 

1211 

wood,  938 

Saussure  on  absorption  of 
gases,  461 

on  alcohol,  1077,  1079 

atmospheric  air,  413 

boiling-point  of  water, 

159 

• ether,  1084 

fixed  oils,  952 

gluten,  917 

oil,  1187 

starch  and  sugar,  911 

Saussure’s  hygrometer,  411 
Saxon-blue,  943 
Scale  of  comparative  degrees 
of  heat,  139 

logometric,  218 

Scented  oils,  956 
ScHEELE,  81  to  84 

on  arsenic  acid,  83 

arsenite  of  copper,  83 

analysis  of  the  air,  81 

- — — benzoic  ether,  1103 

calomel,  82 

chemical  decomposi- 
tion, 83 

chlorine,  82,  144 

citric  acid,  83,  1006 

dephlogisticated  muria- 
tic acid,  82 

empyreal  air,  81 

eudiometry,  409 

'fluor-spar,  83 

heat,  82,  187 

lactic  acid,  83 

malic  acid,  1009 

molybdenum,  759 

light  and  heat,  82 

manganese,  82 

milk  and  sugar  of  milk , 

83 

muriatic  acid,  82 

molybdic  acid,  83 

neutral  salts,  83 

oxalic  acid,  997 

oxygen,  81 

oxymuriatic  acid,  82 

Prussian  blue,  84 

prussic  acid,  84,  504 

radiant  heat,  82 

matter,  184 

solar  rays,  184 
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Sci-ieele  on  sulphuretted  hy- 
drogen, 82 

tungstates,  780 

vegetable  acids,  84 

Scheele’s  green,  83 

empyreal  air,  81 

eudiometer,  400 

observations  on  air  and 

fire,  81 

Scheele  and  Westrumb^ou 
chloral,  1105 
Scheelium,  778 
S chemnitz,  fountain  of  Hiero 
at,  151 

Scherer  on  sap  of  the  maple, 
874,  note 

Schmeisser  on  mineral 
waters,  1211 

Sc  h ox  berg  on  uranium,  733 
Schrader  on  nutmeg-oil,  957 

rhubarb,  1040 

Schweigger’s  galvanometer, 

311 

Scillitin,  1040,  note 
Scorzonera  hispanica , 1051 
Scudamore  on  mineral  wa- 
ters, 1211 

Sea-salt  regenerated,  542 

— water  contains  bromine, 

344 

■  hydrobromate  of 

magnesia,  344 
iodine,  340,  note 

■  its  composition  before 

and  after  evaporation, 
021 

freezing-point,  021 

saline  contents,  021 

specific  gravity,  021 

— weeds  contain  iodine,  340, 

note 

Sealing-wax,  composition  of, 
979 

electricity  of,  222 

Sebacic  acid,  1180,  note 
Sebate  of  ammonia,  1180,  n. 

lead,  1180,  note 

mercury,  1 1 80,  note 

potassa,  1180,  note 

silver,  1180,  note 

soda,  1180,  note 

Sebates,  1180,  note 
Sebic  acid,  1180,  note 
Secale  cereale , 1002 

cornutum , 10G2 

Secondary  form  of  crystals, 
118 

marble,  003 

limestone,  003 

Secret  sal-ammoniac,  20 
Section  of  condensing-engine, 

flame,  207  [172 

Sedative  salt,  510 
Seebeck  on  thermo-electri- 
city, 301 

solar  rays,  185,  301 


Seed-lac,  940 
Seeds,  1058 

— cotyledons  of,  809 

— germ  of,  809 

— germination  and  growth 

of,  869 

of,  evolves  heat,  878 

— plumula  of,  869 

— radicle  of,  809 

— requisite  for  the  germi- 

nation of,  809 

— sugar  produced  during 

their  germination,  870, 
910,  note 

Seftstrom  on  oxide  of  mer- 
cury, 785,  780 

vanadium,  775 

Seggars  for  baking  pottery, 
862 

Seguin  on  meconic  acid,  1021 
Seleniate  of  baryta,  013 

lime,  002 

— — potassa,  501 

soda,  582 

Seleniates,  crystalline  form 
of,  resemble  sulphates, 
450 

of  metals,  650 

Selenic  acid,  453,  455 
Seleniocyanuret  of  potassium, 
570 

Selenious  acid,  454 

oxide,  454 

Selenite,  598 

derivation  of  the  term, 

599,  note 

Selenite  of  baryta,  613 

copper,  705 

lead,  71 8 

— - — lime  602 

potassa,  561 

silver,  809 

soda,  582 

strontia,  618 

Selenites,  455,  530 
Selenium,  453 

— — derivation  of  the  term, 
453 

its  action  on  metals,  530 

carburet,  510 

chloride,  456 

cyanuret,  508 

discovery  and  sour- 
ces, 453 

elementary  rank,  4 53 

existence  occasion- 
ally in  the  atmosphere, 
413 

percliloride,  456 

pliosphuret,  458 

— specific  gravity,  453 

sulphuret,  457 

union  with  bromine, 

456 

carbon,  510 

chlorine,  450 


Selenium,  its  union  with  hy- 
drogen, 450 

oxygen,  454 

phosphorus,  458 

sulphur,  457 

Seleniuret  of  aluminum,  853 

arsenic,  757 

bismuth,  731 

— — carbon,  510 

copper,  705 

lead,  7 18 

mercury,  790 

■ silver,  809 

Seleniurets,  530 
Seleniuretted  hydrogen,  450 

its  occasional  existence 

in  the  air,  457 

poisonous  nature, 

457 

Self-registering  thermo  - 
meter,  146 

Sementini  on  oxide  of  iodine, 
341 

Semina  cince,  1058 
Senega  root,  1051 
Senegin,  1040,  note 
Senna-leaves,  active  principle 
of,  1045 

Sensation  of  heat,  123 
Sensible  and  insensible  dis- 
tances of  attraction,  105 
Separation  of  magnesia  and 
lime,  629 

salts  by  crystallization, 

111 

Seralbumen,  1140 

Serous  portion  of  the  blood, 

1136 

Sertuerner  on  oenothionic 
acid,  1089 

meconic  acid,  1021 

morphia,  1015 

Serullas  on  bromide  of  ar- 
senic, 752 

bromide  of  carbon,  480 

selenium,  456 

silicium,  857 

cyanuret  of  chlorine, 

502 

iodine,  503 

iodide  of  carbon,  479 

oil  of  wine,  1094 

and  Dumas  on  chlorine 

and  iodine,  344 
Serum  of  blood,  1137 

chyle,  1194 

its  analysis,  1137 

its  alkaline  nature,  1137 

coagulation  by  kre- 

osote,  987 

Sesquibromide  of  phosphorus, 
448 

Sesquicarbonate  of  ammonia, 
47  6 

of  potassa,  508 

soda,  586 
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Sesquichloride  of  antimony, 
722 

of  carbon,  477 

chromium,  773 

iridium,  840 

osmium,  880 

phosphorus,  447 

Sesquicyanuret  of  iron,  6*55 
Sesquifluoride  of  antimony, 
723 

of  arsenic,  752 

Sesquihydroguret  of  phospho- 
rus, 451 

Sesquiodide  of  carbon,  470 

of  phosphorus,  440 

Sesquioxide  of  aluminum,  840 

of  antimony,  721 

bismuth,  720 

cerium,  740 

chromium,  7 G6 

cobalt,  684 

lead,  712 

■ manganese,  G31 

osmium,  838 

platinum,  827 

tin,  675 

uranium,  733 

Sesquiphosphate  of  baryta, 
G12 

of  lead,  717 

lime,  601 

Sesquisulphate  of  potassa,550 

of  soda,  582 

Sesquisulphuret  of  arsenic, 
754 

of  cobalt,  G8G 

iron,  64G 

tin,  6 78 

Shales,  851 
Shear  steel,  66G 
Sheep’s  milk,  1158 
Shell-lac,  040 

Shells,  hardening  principle  of, 

1101 

— mother  of  pearl,  1101 

— porcellaneous,  1101 
Shelter,  secure,  from  light- 
ning, 250 

Sherry,  sp.  gr.  of,  10G7,  note 
Shillings,  standard  silver  of, 
812 

Ships,  copper  sheathing  of, 
260,  282 

— lightning-conductors  for, 

250 

— protectors,  283 
Shooting  stars,  257 

— imitated,  257 

Shuckburgh’s  standard  scale, 

127,  note 

Sicilian  native  sulphur,  418 
Silica,  855 

— its  equivalent  number,  855 

— — hydrate,  85G 

—  solubility  of  in  wa- 

ter, 856 


Silica,  its  inflammable  base, 
853 

— — preparation,  855 

— — properties,  856 

— — separation  from  man- 

ganese, 682,  note 

sp.  gr.,  856 

uses,  850 

— — varieties,  855,  and  note 
Silicate  of  alumina,  861 
baryta,  860 

copper,  860 

iron,  860 

— its  existence  in  cha- 
lybeate waters,  860 

of  lead,  860 

lime,  860 

— and  magnesia,  860 

potassa,  860,  note 

of  magnesia,  860 

manganese,  860 

potassa,  854,  850 

— renders  fabrics  in- 
combustible, 850 

of  soda,  850 

zinc,  860 

zirconia,  843 

Silicated  fluoric  acid  gas,  857 

its  aqueous  solution, 857 

— composition,  858 

properties,  857 

sp.  gr.,  857 

— union  with  ammo- 
nia, 857 
Silicates,  850 

ternary  and  quaternary, 

list  of,  861 

Siliceous  epidermis  of  plants, 

872 

minerals,  lists  of,  861 

Silicic  acid,  854,  855,  850 
Silici ferous  calculi , 1178 
Silicium,  853 

its  alloys,  850 

alloy  with  potassi- 
um, 850 

bromide,  857 

carburet,  858 

chloride,  856 

— fluoride,  857 

— iodide,  857 

— nascent  state,  850 

— oxide,  855 

— phosphuret,  858 

— preparation,  854 

properties,  854 

salts,  850 

— sources,  854 

— sulphuret,  858 

Silico-fluate  of  ammonia,  857 
Silico-fluoride  of  barium,  858 

of  calcium,  858 

cobalt,  858 

copper,  858 

iron,  858 

lead,  858 
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Silico-fluoride  of  magnesium, 
858 

manganese,  858 

nickel,  858 

potassium,  857,  858 

sodium,  858 

strontium,  858 

zinc,  858 

Silicon,  its  absorption  by  pla- 
tinum, 833 

Silliman  on  chlorine  and 
hydrogen,  361 
Silurus  electricus , 200 
Silvate  of  ammonia,  078 

lead,  078 

magnesia,  978 

potassa,  078 

silver,  079 

soda,  97 8 

Simes  on  daturia,  1037 
Similor,  709 
Simple  affinity,  214 

attraction,  214 

galvanic  circles,  262 

non-metallic  substan- 
ces, observations  on,514 
substances,  arrange- 
ment of,  318 

table  of,  317 

Silver,  800 

— coinage,  812 

— colours  glass,  868 

— fulminating,  802,  810 

— German,  its  composition, 

695,  note 

— glance,  807 

— leaf,  its  transparency,  516 

— metallic,  precipitants  of, 

813 

— native,  800 

— plate,  812 

— plating,  812 

— pure,  800 

— solvent  for,  808 

— standard,  812 

— its  absorption  of  oxygen 

when  melted,  801 

— its  acetate,  1 1 23 

— — alchymical  name  and 

symbol,  800 

alloys,  811 

alloy  with  copper,  812 

platinum,  832 

steel,  812 

amalgam,  812 

— — ammonio-carbonate, 

809 

— • — ammonio-liyposul- 
phate,  808 

ammoniuret,  802 

ancient  name,  800 

antimoniate,  811 

arseniate,  811 

arsenite,  759,  811 

— — assay,  812 

— — benzoate,  977 
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Silver,  its  bifulminate,  811 
biseleniuret,  809 

— — borate,  809 

bromate,  804 

bromide,  345,  804 

— carbazotate,  949 

— — carbonate,  809 

chlorate,  804 

chloride,  802 

— — chromate,  811 
cinchonate,  1031 

— — citrate,  1009 
— ■ — columbate,  811 

combustion,  801 

cupellation,  812 

cyanate,  810 

cyanuret,  809 

— • — ductility,  801 
fluoride,  804 

— — fulminate,  810 

— — fusion,  crucibles  for, 

863 

hyponitrite,  807 

hyposulphate,  808 

hyposulphite,  807,  809 

with  potassa,  808 

— — indigotate,  951 

— • — iodate,  804 

iodide,  804 

malate,  1011 

• meconate,  1022 

molybdate,  811 

nitrate,  804 

— — decomposition  of, 

805 

— — ores,  800 

— — oxalate,  1004 

oxides,  802 

periodate,  343 

— • — peroxide,  802 

■ — 1 — phosphate,  809 

— — phosphite,  809 
— phosphuret,  809 

— — platino-chloride,  830 
precipitation  from  so- 
lutions, 813 

properties,  801 

pyrophosphate,  445, 

583,  809 

■ salifiable  oxide,  802 

— ■ — ■ salts,  their  general 

characters,  813 

— — sebate,  1186,  note 

selenite,  809, 

seleniuret,  809 

separation  from  plated 

articles,  808 
silvate,  979 

— specific  gravity,  801 

— — standard  alloy,  812 

suboxide,  802 

succinate,  981 

sulphate,  808 

— — sulphite,  808 

— sulphocyanuret,  810 

—  sulphuret,  807 
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Silver,  its  tarnish,  801 

— — tartrate,  997 

—  with  antimony,  997 

potassa,  997 

— — tellurate,  811 

tungstate,  811 

Silvering  clock-dials,  812 
thermometer-scales, 

812 

looking-glasses,  process 

of,  799,  note 

powder,  812 

Silvic  acid,  978 
Singer  on  electricity,  225 
Singer’s  electrometer,  229 
Six  on  thermometers,  140 
Size,  1182 
Skorodite,  750 

Slag  of  an  iron-furnace,  660, 
note 

Slaked  lime,  591 
Slate,  aluminous,  851 
Sliding-rule,  218 
Smalt,  688 

Smeaton  on  cements,  863 

expansion,  125 

Smelling-salts,  476 
Smells,  offensive,  removed  by 
chlorine,  333 

Smelting-furnace  for  iron, 
660 

Smilacin,  1047,  note 
Smilax  sarsaparilla , 1047, 
note , 1051 

Smithson,  on  carbonate  of 
zinc,  672 

vegetable  colours,  942 

Smut  in  corn,  how  prevented, 
704 

Snakewood,  1054 
Snow,  crystals  of,  111 

sudden  shower  of  by  the 

expansion  of  air,  151- 

and  nitric  acid  produce 

intense  cold,  384 
Soap,  953 

— alcoholic  solution  of,  959 

— boiling,  959 

— hard,  958 

— linseed  oil,  964 

— lye,  539,  959 

— peculiar  acids  from,  959, 

965,  note 

— soft,  959 

— tincture  of,  959 

— transparent,  959 

— varieties  of,  958 
Soapstone,  629 
Soap-makers’  black  ash  yields 

iodine,  340 
Soda,  571 

— anhydrous,  its  proportion 

in  solutions  of  different 
specific  gravities,  572 
— - caustic,  572 

— disinfecting  liquid,  585 


Soda,  impure,  581 

— its  acetate,  1117 
ammonio -phosphate, 

583 

— — ammonio-sulphate,582 
arseniate,  748 

— — benzoate,  976 

bicarbonate,  586 

bimolybdate,  762 

— — binarseniate,  748 

— — binoxalate,  1000 

— — biphosphate,  583 

— — biselenite,  582 

— — bisulphate,  577;  581 

— — bisulphate  anhydrous, 

581 

—  sulphuric  acid  from, 

581 

— — bisulphate  crystallized, 

581 

— — borate,  511,  587 
anhydrous,  587 

—  crystallized,  587 

— — bromate,  575 

— — butyrate,  1153 

— - — carbazotate,  948 

— — carbonate,  584 
chromate,  779 

— — chlorate,  575 

— — chloride,  574 

— — chlorite,  574 

— — citrate,  1008 

■ — — columbate,  783 

— — cyanate,  587 

, decomposition  by  elec- 
tricity, 571 

— — distinction  from  po- 

tassa, 572 

— — efflorescence,  572 

— — extraction  from  fuci, 

— — formiate,  1013  [584 

— — hydrate,  572 

liydrocyanate,  587 

hydrosulphuret,  577 

— — hypopliosphite,  582 
hyposulphite,  577 

— — indigotate,  950 

— — iodate,  575 
iodite,  342 

— — magnesia-sulphate, 625 

— — margarate,  963 

— — metallic  base,  571 
molybdate,  762 

— - — muriate,  573 

— — nitrate,  576 

— — oleate,  964 

— — oxalate,  1000 
with  copper,  1003 

— — periodate,  343 

— ■ — peroxide,  572 
pliocenate,  1188 

— — phosphates,  582 

phosphite,  582 

pinate,  970 

— — potassa-tartrate,  993 

— — potasso-phospliate,584 
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Soda,  its  preparation  from 
the  sulphate,  579 

— — purpurate,  1172 

pyrophosphate,  583 

quadri-selenite,  582 

— — sebate,  118G,  note 

— — seleniate,  582 
— • — selenite,  582 
silicate,  859 

— — sesquicarbonate,  588 
sesquisulphate,  582 

• — — silvate,  978 

— — stearate,  9G1 

— — strychnate,  1035 

subcarbonate,  585 

succinate,  980 

sulphate,  577 

with  alumina,  852 

— — sulphite,  577 

sulphocyanate,  587 

sulphovinate,  1096 

— • — tannate,  929 

— — tartrate,  992 

— — triphosphate,  583 
tungstate,  780 

— — urate,  1171 

— — alum,  852 

tartarizata , 993 

Sodaic  powders,  211 
Sodalite,  8G1 
Sodium,  571 

discovered  by  Davy, 571 

its  action  on  ammonia, 

57  G 

alloy  wit! '.potassium, 

587 

tin,  679 

zinc,  G73 

alumino-fluoride, 

850 

amalgam,  798 

anhydrous  bromide, 

575 

oxide,  572 

arsenio-protosulphu- 

ret,  756 

bisulphuret,  577 

borofiuoride,  587 

bromide,  575 

chloride,  573 

ferrocyanuret,  655 

ferrosesquicyanuret, 

656 

fluoride,  575 

— iodide,  57 5 

phosphuret,  582 

platino -bichloride, 

829 

protoxide,  571 

properties,  571 

salts,  their  general 

characters,  587 

seleniuret,  582 

silico-fluoride,  858 

sources  and  prepara- 
tion, 571 


Sodium,  its  sp.  gr.,  571 

sulphocyanuret,  587 

— sulphuret,  577 

tri-arsenio  persul- 

phuret,  757 
Soft  soaps,  959 

— solders,  732 
Solania,  1037 

malate  of,  1037,  1054 

Sola  mini  dulcamara , 1054 

tuberosum , 908,  n.  1051 

Solar  light,  1 73 

— — induces  chemical  ac- 

tion, 173 

Solar  microscope,  illumina- 
tion of,  206 

— radiant  heat,  186 
Solder,  plumbers’,  719 

— soft,  732 

Solid  carbonic  acid,  471 
Solidification  evolves  heat, 
154,  156 

Solids,  attraction  of  for 
liquids,  106 

— expansion  of,  123 

— specific  heat  of,  table  of, 

149 

Soluble  cream  of  tartar,  992 

Prussian  blue,  658 

tartar,  991 

Solubility  of  nitre,  550 

sulphate  of  soda,  578 

Solution,  aqueous,  of  chlorine, 
333 

salts,  107 

crystals  by,  108 

saturated, boiling-points 

of,  161 

Solutions,  spontaneous  eva- 
poration of,  109 
Solvent,  universal,  1 
Somerset  House  water-baro- 
meter, 401,  note 
Somerville,  Mrs.,  on  light, 
174,  note , 179 
Sorbic  acid,  1009 
Soubeiran  on  chlorine,  335 

euchlorine,  335 

chloroform,  1106 

Sound,  varying,  of  thunder, 
251 

South,  Sir  J.,  on  ebullition, 
429 

Southern  on  steam,  164 
Southwark  Bridge,  its  expan- 
sion, 127 

Sovereigns,  standard  gold  of, 
820,  and  note  ibid 
Spar,  calcareous,  603 
dissected,  115 

— fluor,  dissected,  114 
Spark,  electric,  234,  244,  298 

modifications  of,  298 

reddens  litmus  paper, 

— magnetic,  315  [297 

— magneto-electric,  315 


Spathose  iron-ore,  650 
Specific  gravity, 

of  absolute  alcohol,  107 1 

acetate  of  lead,  1121 

acetic  acid,  1115 

air,  403 

alcohol  absolute,  1071 

common,  1071 

vapour,  1072 

alloy  of  gold  and  bis- 
muth, 820 

and  cobalt,  820 

copper,  820 

lead,  819 

manganese,  819 

nickel,  819 

tin,  819 

zinc,  819 

platinum  and  steel, 

832 

almond-oil,  955 

alumina,  848 

amber,  979 

ammonia,  gaseous,  392 

solution,  393 

amygdaline,  6*72 

antimony,  720 

arsenic,  744 

acid,  746 

arsenuretted  hydrogen, 

754 

barium,  605 

benzoic  acid  vapour, 975 

ether,  1 104 

bicarburet  of  hydrogen, 

487 

bihydroguret  of  carbon, 

481 

— — bile,  1159 

biliary  calculi,  1162 

bismuth,  728 

bisulphuret  of  carbon, 

508 

hydrogen,  436 

blood,  1136 

boron  vapour,  513 

bromine  liquid,  and  va- 
pour, 345 

cadmium,  681 

camphor,  solid,  968 

vapour,  968 

Cape  wine,  1067,  note 

capnomor,  988 

capric  acid,  1154 

caproic  acid,  1154 

carbonate  of  lead,  718 

soda,  584 

carbonic  acid  gas,  470 

oxide,  465 

chloral,  1106 

chloride  of  benzule,  970 

silver,  803 

sulphur,  432 

chlorine,  332 

chloro-carbonic  ether, 

1102 

4 o 2 
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Specific  gravity  of  chloro- 
form, 1107 

chromate  of  potassa,7G9 

chromium,  766 

coal-gas,  495 

cobalt,  684 

cocoa-nut  oil,  957 

copper,  696 

corrosive  sublimate, 789 

cyanogen,  500 

deutoxicle  of  molybde- 
num, 760 

diamond,  458 

distilled  vinegar,  1112 

elain,  1185 

elm-wood,  136 

essence  of  lemons,  970 

ether,  1080,  1084 

vapour,  1084 

eupion,  985 

fixed  oils,  951 

fluoboric  gas,  512 

gases,  rules  for  ascer- 
taining, 404,  note 

gold,  814 

glucina,  841 

gum-arabic,  894 

liydriodic  acid  gas,  368 

• ether,  1107 

liydriodide  of  carbon, 

486 

hydrobromic  acid  gas, 

369 

— — hydrocarbon  from  ca- 
outchouc, 982 

hydrochloride  of  carbon 

vapour,  485 

hydrocyanic  acid,  505 

ether,  1108 

hydrogen,  348 

hydroguret  of  carbon, 

or  olefiant  gas,  483 

hydrophosphoric  gas, 

451 

liydroxalic  acid,  1005 

— — iodine,  solid,  341 

vapour,  341 

iridium,  840 

kreosote,  986 

iron,  639 

lactic  acid,  1129 

— — lead,  7H 

linseed  oil,  954 

liquid  chlorine,  332 

liquor  potasses , 540 

manganese,  631 

mercaptan,  1108 

mercury,  784 

(frozen),  784  [533 

metallic  alloys,  table  of, 

metals,  table  of,  517 

milk,  1151,  1157,  1158 

mixtures  of  alcohol  and 

ether,  1087 

mixtures  of  alcohol  and 

water,  1076 


Specific  gravity  of  molybde- 
num, 759 

molybdic  acid,  761 

muriatic  acid  gas,  362 

liquid,  364 

ether,  1105 

naphtha,  491 

naphtlialin  vapour,  493 

native  chromate  of  iron, 

771 

lead,  772 

peroxide  of  tin,  675 

nickel,  689 

nitric  acid,  384 

for  alkalimetry, 

563 

oxide,  378 

nitrogen  gas,  or  azote, 

372 

nitrous  acid  gas,  381 

ether,  1099 

oxide,  374 

oil  of  copivi,  970 

— turpentine,  967 

wine,  1094 

olive  oil,  955 

osmium,  838 

oxalic  ether,  1100 

oxides  of  chlorine,  335, 

337 

oxygen,  328 

palladium,  834 

paraffine,  984 

peroxide  of  hydrogen, 

360 

phocenic  acid,  1188 

phosphorus,  439 

phosphorus  vapour,  439 

pliosphuretted  hydro- 
gen, 451 

picamar,  987 

platinum,  822,  826 

poppy-oil,  954 

potassium,  538 

protosulphuret  of  pla- 
tinum, 830 

protoxide  of  tin,  674 

pyroxylic  spirit,  1125 

resins,  977 

rhodium,  836 

— — saliva,  1163 

sea-water,  621 

selenium,  453 

serum,  1137 

sherry,  1067,  note 

silica,  856 

silicated  fluoric  acid 

gas,  857 

silver,  801 

sodium,  571 

solutions  of  caustic  po- 

tassa,  541 

— carbonate  of  potassa 

and  dry  salt,  per  cent., 
562 

spermaceti  oil,  1187 


Specific  gravity  of  standard 
spirit  of  wine,  1075 

starch,  909 

steam,  357 

succinic  ether,  1104 

sugar,  902 

— of  milk,  1157 

sulphate  of  methylene, 

1127 

•  * — of  quinia,  1027 

— zinc,  1119 

sulphur,  418 

sulphuret  of  lead,  715 

sulphuretted  hydrogen, 

434 

sulphuric  acid,  422 

— for  alkalimetry,  563 

sulphurous  acid  gas, 

420 

tantalite,  782 

tartaric  acid,  990 

tellurium,  742 

tin,  674 

tungsten,  778 

tungstic  acid,  779 

uranium,  733 

urea,  1169 

•  urine,  1167 

of  animals,  1179 

valerianic  acid,  965,  n. 

vinegar,  1111 

volatile  oils,  966 

walnut-oil,  954 

water,  356 

— at  every  degree  of 

temperature,  from  30° 
to  80°  Fahr.,  1203 

wax,  957 

whale-oil,  1187 

wood,  919 

wort,  1064 

yttria,  846 

zinc,  668 

zirconia,  843 

Specific  gravity,  balance  for 
ascertaining,  135,  263  j 

bottle  for  ascertaining, 

136 

hydrometer  for,  137 

Specific  gravities,  actual, com- 
pared with  degrees  of 
Baume,  1076 

Specific  heat  ascertained,  148 

tables  of,  149 

of  gases,  150 

liquids,  149 

solids,  149 

Spectrum,  calorific  rays  of, 
186 

chemical  rays  of,  184 

coloured  rays  of,  182 

heat  of,  186 

Speculum  metal,  769 
Speiss,  688 
Spermaceti,  1187 
I crystallization,  110 
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Spermaceti  oil,  1187 
Sphene,  736,  861 
Sphere,  electrical,  with  move- 
able  coatings,  235 
Spherical  theory  of  crystal- 
lization, 120 

Spiral,  electro-magnetic,  De 
la  Rive’s,  313 
Spirit  rectified,  1072 

sulphuretted,  435 

of  ether,  1087 

hartshorn,  1131 

mindererus,  1116 

salt,  363 

wine,  1070 

Spirituous  liquors,  strength 
of  ascertained,  136, 

1074 

Splintery  coal,  983 
Spodumene,  588,  861 
Sponge,  burnt,  contains  io- 
dine, 340 

Spongy  platinum,  its  singular 
action  on  gaseous  mix- 
tures, 353,  408 
Spontaneous  combustion  of 
phospliuretted  hydro- 
gen, 450 

evaporation  of  solu- 
tions, 109 
Spring  water,  355 
Spurious  Angustura  bark, 
1032 

Squills,  925 
Squire,  on  blood,  1145 
Stadion  on  perchloric  acid, 
339 

Staffordshire  ware,  861 
Stahl’s  alkaline  tincture  of 
iron,  644 

theory  of  combustion, 

34,  330,  note 

Stalactites,  derivation  of  the 
term,  603 

formation  of  603 

Stalagmites,  derivation  of  the 
term,  603 

formation  of,  603 

Standard  gold,  820 

silver,  812 

spirit,  definition  of, 

1075 

Stannic  acid,  675 
Staphisain,  1040 
Starch,  908 

• action  of  gluten  on,  917 

sulphuric  acid  on, 

911 

anhydrous,  912 

cassava,  908,  note 

iodine  a test  for,  341, 

345,  note , 910 

inulin,  a modification 

of,  914 

lichen,  914 

malt,  911,  note 


Starch,  potato,  908,  note 

pure,  909 

sp.  gr.  of,  909 

— properties  of,  909 

— solution  of,  909  and 

note 

sago,  908,  note 

• sugar  of,  905,  note 

tapioca,  988,  note 

torrefied,  913 

uses  of,  915 

wheat-meal,  908 

its  blue  precipitate  with 

iodine,  341 

conversion  into  gum, 

913 

into  sugar,  910, 

note , 911 

manufacture,  908 

mixture  with  alka- 
line salts  renders  mus- 
lin incombustible,  915 
— sources  and  varie- 
ties, 908 

sulphate,  912 

— tannate,  912 

— ultimate  analysis, 

913 

Stark,  Dr.,  on  absorption  of 
heat,  191  , note 
States,  natural,  of  bodies,  123 
Stavesacre,  1039 

seeds,  1059 

Steam  subject  to  the  laws  of 
aeriform  expansion  by 
heat,  132 

of  high  pressure,  163 

its  economical  uses,  166 

effects  on  combus- 
tion, 416 

sp.  gr.,  357 

Steam-engine,  theory  of  heat 
applied  to,  1 7 1 
Stearate  of  ammonia,  961 

baryta,  961 

lead,  962 

lime,  961 

potassa,  960,  961 

soda,  961 

Stearic  acid,  960 

anhydrous,  960 

hydrated,  960 

Stearine,  951,  962,  1185 

candles,  1186 

Stearone,  962 
Steatite,  629,  860 
Steel,  alloys  of,  66 7 

— blistered,  666 

— blood-stains  on,  detected, 

1150 

• — • cast,  English,  666 

— colours  of,  blue,  brown, 

purple,  red,  and  straw, 

666 

due  to  oxidation,  666, 

note 


Steel,  damasked,  60*7 

— gilding  of,  81 7 

— hard,  666 

— Indian,  666 

— induced,  and  permanent 

magnetism  of,  305,  307 

— made  from  iron  by  coal- 

gas,  462 

— proportion  of  carbon  in, 

665,  note 

— quality  of,  tested,  667 

— shear,  666 

— soft,  666 

— tempering  of,  666 

— — metallic  bath  for,  666 

— tilted,  666 

— its  alloy  with  aluminum, 

853 

—  platinum,  832 

rhodium,  837 

— silver,  812 

— • — manufacture,  659,  665 
Stereo-electric  current,  302 
Sterling,  or  standard  gold, 

708 

Stevens,  Dr.,  on  blood, 
1145 

Stibium,  720 
Stick-lac,  940 

— sulphur,  418 
Stilbite,  861 

Still  and  worm-tub  described, 
355 

Stink-stone,  604 
Stokes  on  sulphate  of  zinc 
and  potassa,  671 
Stolze  on  pyroligneous  acid, 
1113,  note 

Stomach,  free  muriatic  acid 
found  in  the,  365 
Stone-blue,  915 
Stramonium,  extract  of,  1057 
Strawberries,  1059 
Stream  tin,  674 

works,  67 6 

Striking  distance  of  electri- 
city, 243 

Stromeye  r on  cadmium,  680 

iodine  and  starch,  341 

oxide  of  bismuth,  729 

— iron,  641 

pyrophosphoric  acid, 

445 

on  strontia,  615,  616, 

618 

sulphuret  of  arsenic  and 

iron,  757 

and  Rose  on  selenium, 

453 

Strontia,  or  strontites,  614 

discovered  by  Hope, 

615 

its  acetate,  1118 

— aqueous  solution,  or 

strontia-water,  615 
arseniate,  749 


GENERAL  INDEX. 


1302 

Strontia,  its  baryto-sulphate, 
618 

benzoate,  970 

— borate,  019 

bromate,  010 

— butyrate,  1153 

— carbonate,  018 

native,  019 

chlorate,  010 

chromate,  771 

citrate,  1008 

distinction  from 

baryta,  019 

— formiate,  1013 

hydrate,  015 

crystallized,  015 

— hydriodide,  010 

hydrosulphuret,  017 

hypophospliite,  018 

— hyposulphate,  017 

hyposulphite,  617 

— — crystals  doubly 

refractive,  617 

indigotate,  950 

— iodate,  010 

metallic  base,  615 

molybdate,  702 

— nitrate,  016 

hydrated  crys- 
tallized, 616 

— — used  in  pyro- 

techny,  010 

oxalate,  1002 

— phocenate,  1188 

— phosphate,  018 

phosphite,  018 

- presence  detected, 

619 

- — — — salts,  their  general 
characters,  619 
— — tinge  flame  pur- 
ple and  red,  616 

— selenite,  618 

— sources,  615 

succinate,  980 

sulphate,  617 

native,  618 

sulphite,  017 

tannate,  929 

— tartrate,  994 

— tungstate,  780 

— urate,  1171 

water,  615 

Strontianite,  619 
Strontites  or  strontia,  614 
Strontium,  614 

discovered  by  Davy, 

615 

its  bromide,  616 

chloride,  615 

— cyanuret,  619 

• ferrocyanuret,  655 

• — fluoride,  010 

iodide,  616 

— peroxide,  615 

— phosphuret,  618 


Strontium,  its  platino-chlo- 
ride,  830 

— protoxide,  615 

— silico-fluoride,  858 

— sulplmret,  017 

Struve  on  mineral  waters, 

1212 

Strychnate  of  ammonia,  1035 

baryta,  1035 

lead,  1035 

magnesia,  1034 

potassa,  1035 

soda,  1035 

Strychnia,  1032 

action  of  nitric  acid  on, 

1033  note 

poisonous  nature  of,  1033 

sulphate  of,  1033 

Stry clinic  acid,  1032,  1035 
Strychnos  columbina , 1054 

nux  vomica,  1032,1062 

Sturm  and  Colladon  on  the 
compression  of  water, 
357 

Subacetate  of  copper,  1120 

lead,  718 

Subarseniate  of  lead,  751 

zinc,  750 

Subcarbonate  of  potassa,  562 

soda,  585 

a flux  for  the  blow- 
pipe, 520,  note 
Subcarburets  of  iron,  664, 
065,  note 

Subchloride  of  bismuth,  729 

lime,  hydrated,  595 

Subchromate  of  lead,  772 
Suberates,  1013 
Suberic  acid,  1013 
Subfluoborate  of  ammonia, 
liquid,  513 

Subfluoride  of  lead,  714 
Subhyposulphate  of  copper, 

703 

of  lead,  71 6 

Subiodide  of  magnesium,  022 
Sublimation  of  benzoic  acid, 

of  iodine.  111  [975 

sulphur,  111 

Sublimatum  dulce , 786 
Sublimed  sulphur,  418 
Submarine  eruptions,  elec- 
tricity of,  254 

Submuriate  of  cinch onia,  1025 

copper,  699 

Subnitrate  of  alumina,  851 

copper,  700 

mercury,  793 

uranium,  734 

Suboxide  of  copper,  697 

platinum,  826 

potassium,  538 

silver,  802 

zinc,  668 

Subperarseniate  of  copper, 
of  iron,  750  [750 


Subpernitrate  of  mercury, 793 
Subperoxide  of  cerium,  740 
Subpersulphate  of  iron,  047 
Subphosphate  of  alumina, 853 

lime,  600 

magnesia,  625 

double,  625 

Subphosphite  of  lime,  600 
Subpliosphuretted  hydrogen, 
451 

Subsesquiacetate  of  copper, 

1120 

Subsesquiarseniate  of  baryta, 
749 

Subsesquipliosphate  of  lead, 

717 

Substantive  colours,  934,  n. 
Subsuccinate  of  copper,  981 
Subsulphate  of  antimony,  725 

bismuth,  731 

cinchonia,  1025 

Succinamide,  981 
Succinate  of  ammonia,  980 

baryta,  980 

copper,  981 

iron,  981 

lead,  981 

lime,  980 

magnesia,  981 

manganese,  981 

• — — mercury,  981 

potassa,  980 

silver,  981 

soda,  980 

strontia,  980 

tin,  981 

zinc,  981 

Succinates,  980 
Succinic  acid,  979 

anhydrous,  980 

crystallized,  980 

Succinic  ether,  1104 
Succinone,  981 
Succory  root,  1050 
Suffocation  by  carbonic  acid 
gas,  471 
Sugar,  898 

— acid  of,  997 

— action  of  nitric  acid  on, 

997 

— anhydrous,  899 

— bastard,  901 

— beet,  905 

— boiling-point  of,  902 

— Burdwan,  905,  note 

— diabetic,  905,  note , 1175 

— East  India  moist,  905,  n. 
refined,  905,  note 

— granular,  905 

— grape,  905,  906 
• — honey,  906 

— liquorice,  907 

— manna,  906 

— maple,  905 

— Muscovado,  899 

— mushroom,  907 
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Sugar,  raw,  899 

— starch,  905,  note 

— syrup  of,  901 

— of  milk,  897,  1157 

— lead,  manufacture  of,  1 1 2 1 

— urine,  1175 

— candy,  900 
crystals  of,  109 

— — examination  of,  905, n. 

— cane,  898 

— — j nice,  its  composition, 

898 

— refining,  899 
cooler’s  for,  900 

— — use  of  animal  charcoal 

in,  900 

—  blood  in,  900 

—  clay  in,  901 

—  — lime-water  in,  900 

— obtained  from  rags,  919, 

note 

— potato-starch,  911,  note 

— preservation  of  food  by, 

1133 

— production,  of  during  ger- 

mination, 870,  910,  n. 

— pure,  action  of  heat  on, 

903 

— — anhydrous,  its  ultimate 

elements,  904 

— — crystallized,  its  ulti- 

mate elements,  902, 904 

— — its  decomposition  by 

sulphuric  acid,  902 

—  melting-point,  899 

— — — solubility  in  alco- 

hol, 902 

—  water,  902 

sp.  gr.,  902 

— its  colour  or  whiteness, 

900 

— — combination  with  am- 

moniacal  gas,  903 

—  nitrate  of  silver, 

903 

oxide  of  copper, 903 

—  lead,  903 

—  salifiable  bases, 903 

• — — different  grades,  com- 
position of,  904,  note 

— — formation  in  apples, 

910,  note 

— — sources,  898 

— — transmutation  into 

wax,  957 

Sulphate  of  albumen,  1140 

■ alumina,  851 

— and  ammonia,  852 

iron,  853 

potassa,  851 

— soda,  852 

ammonia,  430 

— native,  430 

• and  nickel,  691 

its  crystals  observed 

on  dirty  windows,  412 


Sulphate  of  antimony,  725 

aricina,  1029 

baryta,  424,  610 

— its  decomposition, 

611 

— — insolubility,  610 

— native,  611 

— its  phosphores- 
cence, 611 

bismuth,  731 

brucia,  1034 

cadmium,  682 

caseum,  1155 

cerium,  741 

cinchonia,  1024 

chromium,  774: 

cobalt,  686 

copper,  703 

a test  for  arsenic, 

758 

fibrin,  1143 

glucina,  842 

glycyrrhizin,  907 

hydrocarbon,  1092 

indigo,  946,  note 

iron,  646 

and  nickel,  691 

lead,  716 

— native,  717 

lime,  598 

anhydrous,  109,599 

hydrous,  599 

— its  existence  in  hard 

waters,  598 

native,  crystallized, 

598 

lithia,  589 

magnesia,  623 

magnesia,  its  adultera- 
tion detected,  624 

— sources,  624 

manganese,  636 

mercury,  789,  795 

methylene,  1127 

morphia,  1017 

nickel,  690 

— and  iron,  691 

platinum,  830 

potassa,  558 

— its  composition,  558 

pyrophorus  obtain- 
ed from,  558 

— and  copper,  705 

magnesia,  624 

nickel,  691 

zinc,  671 

quinia,  1026,  note,  and 

1027 

— its  adulteration  de- 
tected, 1027,  note 
— quantity  of,  annual- 
ly exported,  1027,  note 

silver,  808 

soda,  577 

— anhydrous,  578 

— a source  of  soda,  579 
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Sulphate  of  silver,  its  decom- 
position, 579 

decomposition  by 

chalk  and  charcoal  on 
the  large  scale,  579 
— iron  and  char- 

coal, 580 

instantaneous 

crystallization,  579 

— — solubility,  578 

water  of  crystal- 
lization, 578 

— and  magnesia,  625 

starch,  912 

strontia,  617 

native,  618 

strychnia,  1033 

thorina,  847 

tin,  6 79 

uranium,  734 

veratria,  1036 

yttria,  846 

zinc,  671 

native,  672 

zirconia,  843,  844 

Sulphates,  metallic,  528 
of  metals,  their  decom- 
position, 527 

Sulphatic  ether,  1092,  1094 
Sulphite  of  ammonia,  421 

antimony,  725 

baryta,  609 

bismuth,  731 

cobalt,  686 

copper,  703 

— — - chromium,  774 

lead,  716 

lime,  598 

magnesia,  623 

manganese,  636 

mercury,  795 

potassa,  557 

and  copper,  763 

silver,  808 

soda,  577 

strontia,  617 

tin,  679 

zinc,  671 

Sulphites,  their  general  cha- 
racters, 421 

sulphuretted,  430 

Sulphoadipic  acid,  953 
Sulphocyanate  of  iron,  pre- 
sence of  in  blood,  1145 

in  human  sweat, 

1198,  note 

of  lime,  605 

soda,  587 

Sulpliocyanates,  metallic,  532 
Sulphocyanic  acid,  507 

its  combination  with 

metals,  532 

Sulphocyanic  ether,  1108 
Sulphocyanuret  of  barium, 
614 

of  calcium?  605 
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Sulphocyanuret  of  cobalt,  688 

•  copper,  707 

gold,  818 

lead,  719 

manganese,  638 

mercury,  798 

platinum,  832 

potassium,  569 

silver,  810 

sodium,  587 

S ulphocyanurets,  metallic, 
532 

Sulphomethylic  acid,  1127 
Sulphonaphthalie  acid,  493 
Sulphonaphthalin,  493 
Sulphosinapates,  956,  note 
Sulphosinapic  acid,  956 

its  crystals,  remarkable 

composition  of,  956,  n. 
Sulphovinate  of  ammonia, 
1095 

of  baryta,  1096 

copper,  1096 

lead,  1096 

lime,  1096 

potassa,  1096 

soda,  1096 

Sulpliovinates,  1093 
Sulphovinic  acid,  1089,  1095 
Sulphur,  417 

acids,  743 

alcohol  of,  508 

balsam  of,  953 

commercial,  418 

contains  hydrogen,  4 1 7j 

note 

flowers  of,  418 

hydrogen  contained  in, 

417 

livers  of,  557 

massive,  418 

milk  of,  419 

native,  417 

precipitated,  419 

roll,  418 

salts  of  metals,  528 

— potassium,  556 

Sicilian,  418 

stick,  418 

sublimed,  418 

vapour,  weight  of,  419 

vivum,  418 

its  action  on  metals, 527 

nitre,  551 

■ — bromide,  433 

— chloride,  432- 

•  sp.  gr.  of,  432 

— combination  with 

alcohol,  1078 

— combustion  in  oxy- 
gen, 329 

crystallization,  110 

— crystals,  417 

obtained  from 

the  chloride,  433 
— cyanine t,  507 


Sulphur,  its  detonation  with 
chlorate  of  potassa,  543 

— dichloride,  433 

flame,  415 

— fusion,  418 

— iodide,  433 

— plasticity  by  heat, 

418 

” — proportion  in  gun- 
powder, 552 

purity  tested,  419 

refractive  power, 

417 

— solubility  in  fixed 

oils,  953 

solution  in  ether, 

1086 

sources,  417 

sp.  gr.,  418 

subchloride,  433 

— sublimation,  418 

• • — union  with  bromine, 

433 

carbon,  508 

chlorine,  432 

cyanogen,  507 

hydrogen,  433 

oxygen,  419 

phosphorus,  452 

— — selenium,  457 

volatility,  418 

Sulphuret  of  aluminum,  851 

■ antimony,  723 

arsenic,  754 

and  iron,  757 

barium,  609 

benzule,  973 

bismuth,  730 

cadmium,  682 

calcium,  597 

carbon,  its  existence  in 

coal-gas,  495,  note 

cerium,  740 

chromium,  774 

cobalt,  686 

columbium,  784 

copper,  701,  702 

gold,  818 

iridium,  841 

iron,  645 

— native,  6 45 

lead,  715 

lithium,  589 

magnesium,  623 

manganese,  636 

— native,  636 

mercury,  794 

molybdenum,  764 

nickel,  690 

osmium,  839 

palladium,  835 

platinum,  830 

phosphorus,  452 

potassium,  555 

— its  action  on  water, 

rhodium,  837  [555 


Sulphuret  of  selenium,  457 

silicium,  858 

silver,  807 

sodium,  577 

strontium,  617 

tellurium,  743 

tin,  678 

— — titanium,  738 

tungsten,  781 

uranium,  734 

vanadium,  778 

zinc,  670 

— native,  670 

zirconium,  844 

and  sulphite  of  alkali, 

occasion  errors  in  alka- 
limetry, 565 

Sulphurets  of  metals,  527 
Sulphuretted  alcohol,  1078 

chyazic  acid,  507 

hydrogen,  433 

a test  for  lead,  715 

discolours  metallic 

preparations,  434 

charcoal  removes  it 

from  water,  461 
— liquefied  by  pressure, 


433 

— tests  of,  434 

— its  abominable  odour, 


434 


absorption  by 

charcoal,  461 

acid  properties, 

434  [529 

— action  on  metals, 

analysis,  434 

aqueous  solution, 

434 

a test  for 

arsenic,  758 

composition,  434 

decomposition  by 

various  bodies,  435 
deleterious  na- 
ture, 434 

— existence  in  coal- 

gas,  495,  note 

mineral  wa- 
ters, 434 

flame,  415 

sp.  gr.,  434 

sources  and  proper- 
ties, 433 

Sulphuretted  oxide  of  anti- 
mony, 725 

spirit,  435 

sulphite  of  zinc,  670 

sulphites,  430 

Sulphuric  acid,  421 

action  of  on  alcohol, 

1080 

anhydrous,  424 

— its  composition,  425 

decomposition, 

424 
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Sulphuric  acid,  anhydrous, 
from  bisulphate  of  soda, 
581 

attracts  water  even  at  a 

boiling  temperature, 

423 

chamber,  421 

changes  of  in  etherifi- 

tion,  1000,  and  note  ib. 

chloride  of  barium  a 

test  for,  007 

commercial,  sp.  gr.,  422 

its  purity  judged  of, 

428,  note 

diluted,  423 

for  alkalimetry,  564 

table  of  real  acid  in, 

427 

dry,  424 

fuming,  424 

from  green  vitriol,  424 

German,  orN  ordliausen 

424 

glacial,  424 

hydrous,  its  composi- 
tion, 425 

liquid,  its  composition, 

424 

— — manufactured  without 
nitre,  427 

native,  430 

nitre  essential  to  its  for- 
mation, 427 

not  electrolysable,  423 

plilogisticated,  419 

poisoning  by,  remedy 

for,  430 

solution  of  metals  in, 

423 

test  for,  714 

theory  of  its  formation, 

diagrams  of,  420 
used  to  desiccate  gases, 

400 

its  action  on  chlorate  of 

potassa,  543 

gum,  895 

indigo,  943 

metals,  528 

oxalic  acid,  998 

starch,  911 

sugar,  902 

wood,  919 

attraction  for  water, 

423 

caustic  and  corrosive 

nature,  423 

concentration,  422 

consumption  in  the 

arts,  422 

density  at  different 

degrees  of  dilution, 
table  of,  428 

distillation  in  glass 

vessels,  precautions  re- 
specting, 429 


Sulphuric  acid,  its  distillation 
in  platinum,  422 

ebullition  conducted 

with  safety,  429 
extensive  manufac- 
ture, 422 

fixity?  422 

great  consumers, 422 

liygrometric  powers, 

423 

— intense  chemical 

powers,  423 

manufacture  from 

pyrites,  427 

preparation,  421 

presence  detected, 

424 

properties,  422 

specific  gravity,  422 

cautions  re- 
specting, 428 

strength,  table  of, 

428 

sudden  mixture  with 

water  evolves  heat,  423 

and  naphthalin,  493 

Sulphuric  ether,  1080,  1094, 
note 

Sulphureous  mineral  waters, 
1205,  1211 
Sulphurous  acid,  419 

its  action  on  metals,  528 

gas,  419 

bleaching  by,  420 

checks  fermentation, 

421 

its  absorption  by  char- 
coal, 461 

aqueous  solution  de- 
composed by  boiling, 
420 


• may  be  frozen, 

420 

— gas,  its  decomposi- 
tion, 421 

its  evolution  by  burning 
impure  coal-gas,  495, n. 

— liquefaction  by  cold, 
420 


- gas,  its  solution  in  al- 
cohol, 420 

water,  420 

sp.  gr.,  420 

union  with  ammo- 
nia, 421 

- and  nitrous  acid  when 
dry  have  no  mutual 
action,  426 

- liquid,  420 

a non-conductor  of 

electricity,  420 

its  rapid  evaporation, 

420 


Summary  of  electrolytes, 
'ions,  and  electro-che- 
mical equivalents,  287 
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Superficial  accumulation  of 
electricity,  235 

fracture  of  crystals,  109 

Superolefiant  gas,  490 
Superpernitrate  of  mercury, 
793 

Superphosphate  of  lime,  601 

magnesia,  625 

Supersulphate  of  antimony, 
725 

bismuth,  731 

mercury,  795 

potassa,  558 

Supersulphuretted  hydrogen, 
436 

Supertartrate  of  potassa,  989, 
991 

Supporters  of  combustion,318 
Surface  affects  radiation,  190 

extension  of  affects 

electricity,  243 
Sweat,  human,  1198,  note 
Sweet  almonds,  971,  1058 

— principle,  959 

— spirit  of  salt,  1105 
Sylvius,  digestive  salt  of,  542 
Symbols,  chemical,  320,  321 

of  ancient  metals,  515 

elementary  substances, 

317 

Sympathetic  ink,  blue  and 
green,  685 

white,  730 

Synovia,  1166 

Syphon-gauge  for  air-pumps, 
402 

Syrup  of  sugar,  901 
Swine-stone,  604 

Table  of  absolute  alcoho 
in  diluted  alcohol  t 
different  sp.  gr.,  1076 

— absorption  of  gases  by 

water,  358 

— alcohol  in  various  wines, 

1068 

— alloys  of  gold,  819 

— ammonia,  showing  its 

quantity  in  aqueous 
solution,  393 

— anions  and  catliions,  279 

— aqueous  vapour  absorbed 

by  charcoal,  461 

vapour  existing  in 

gases,  405 

— arrangement  of  simple 

bodies,  319 

— atmospheric  pressure 

shown  by  the  barome- 
ter, 401 

— atomic,  of  muriatic  acid, 

367 

— — weights,  217 

— bodies  capable  of  explod- 

ing the  chloride  of  ni- 
trogen, 390 
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Table  of  boiling-point  of  mu- 
riatic acid,  364,  note 

— boiling-points  of  liquids, 

160  [161 

— — of  saturated  solutions, 
— • carbonate  of  potassa  in 

solutions  of  various  sp. 
gravities,  562 

— charcoal  from  various 

woods,  460 

— — in  varieties  of  steel, 

665,  note 

— chemical  abbreviations 

and  symbols,  321 

— colouring -matter  of  in- 

digo, 944 

— common  salt,  under  va- 

rious forms  and  names, 
574 

— composition  of  alcohol 

and  ether,  1091 

different  grades  of 

sugar,  904,  note 

— — tri-arsenio  persulphu- 

ret  of  sodium,  757,  n. 

urine,  1168 

various  fruits,  877 

— — composition  of  varie- 

ties of  coal,  983 
plumbago,  463 

— conversion  of  starch  into 

sugar,  910 

— commercial  varieties  of 

common  salt,  574 

— conducting  power  of 

woods  in  regard  to  heat, 
143 

— contraction  of  alcohol  in 

cooling,  1072 

— conversion  of  degrees  of 

thermometer,  139 

— corresponding  degrees  of 

thermometers,  139 

— degrees  of  Baume,  and 

real  sp.  gravities,  1076 

— density  of  various  mix- 

tures of  ether  and  alco- 
hol, 1087 

- — destructive  distillation  of 
wood,  1113,  note 

— electrical  conductors,  226 

— — imperfect  conductors, 

226 

— • — non-conductors,  226 

— electrics,  224 

— electrolytes,  286 

— equivalent  numbers,  218 

— ethereal  vapour,  1085 

— expansion  by  heat,  viz. 

ether,  1085 
gases,  132 
liquids,  129 
solids,  124 

— • freezing  and  melting 
points,  156 

— — mixtures,  155 


Table  of  fusing-points  of 
metals,  141 

— gases  absorbed  by  char- 

coal, 461 

— — water,  358 

— gazolytes,  halogens,  and 

metalloids,  319 

— gunpowder  of  various  ma- 

nufactures and  strength 
552 

— latent  heat  of  vapours, 

165 

— liquefied  gases,  170 

— metallic  alloys,  533 

— metals,  and  the  order  of 

their  discovery,  515 

—  known  to  the  an- 

cients, 515 

in  the  order  of  their 

attraction  for  oxygen, 
535 

— brittleness,  518 

— ductility,  518 

— — — fusibility,  521 

hardness,  518 

malleability,  517 

sp.  gravities,  517 

tenacity,  518 

- — — precipitated  by  ferro- 
cyanuret  of  potassium, 
653 

— — ferrosesquicyanu- 
ret  of  potassium,  656 

— - — — hydrosulphuret  of 
ammonia,  530 

— infusion  of  galls, 

930 

sulphuretted  hy- 
drogen, 530 

— mineral  waters,  1211 

— muriatic  acid,  365 
at  various  sp.  gr.,  366 

— nitric  acid,  at  various  sp. 

gravities,  385 

— nutritive  animal  matters, 

1184 

vegetable  matters, 

922 

— potassa  in  solutions  of 

various  sp.  gravities, 
541 


• — produce  of  pyroligneous 
acid  from  wood,  1113, 
note 

— radiating  power  of  bodies, 
104 


— rate  of  cooling  in  vacuo, 
197 


— refractive  power  of  gases, 


177 


— relative  intensities  of 

light  from  different 
candles,  &c.,  499 

— series,  conductors  of  elec 

tricity  and  heat,  302 

— — thermo-electric,  302 


Table  of  series,  voltaic,  302 

— simple  substances,  317 

— soda,  in  solution,  of  va- 

rious sp.  gravities,  572 

— solid  extract  in  urine, 

1174,  note 

— soluble  matters  of  tea  in 

alcohol  and  water,  1048 

— sp.  gr.  of  gases  and  va- 

pours, 407 

— — volatile  oils,  966 
water,  at  all  tempe- 
ratures, between  30° 
and  80°,  1203 

— sp.  heat  of  gases,  150 

liquids,  148 

solids,  149 

— strength  of  acetic  acid, 

1115 

— sulphate  of  soda  in  solu- 

tions of  various  sp. 
gravities,  578 

— sulphuric  acid  at  various 

sp.  gravities,  428 

— temperature  of  steam,  164 

— thermo-electrics,  302 

— thermometric  scales,  139 

— ultimate  elements  of  ve- 

getables, 891 

— urinary  calculi,  1176 

• — value  of  diamonds,  459 

— vegetable  astringency,926 
extract,  926 

— — nutritive  matters,  922 

— — tannin,  926 
volatile  oils  and  seeds, 96  7 

— voltaic  electrics,  302 

— weights  and  measures, 

1201,  et  seq. 

Table-spar,  860 
T'abasheer,  872 
Taddei  on  ethiops,  794 

gluten,  916 

guaiacum,  977,  note 

zimoma  and  gliadine, 

916 
Talc,  629 

Tamarind  pulp,  1062 
Tangential  action  of  magne- 
tism, 310 

T annate  of  antimony,  929 

baryta,  929 

lead,  929 

potassa,  929 

quinia,  1029 

soda,  929 

starch,  912 

strontia,  929 

Tannates,  927 
Tannic  acid,  925,  927 
Tannin,  925 

• anhydrous,  928 

— — artificial,  927,  note 

action  of  various 

agents  on,  927,  note 
gelatine,  a test  for,  928 
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Tannin,  modifications  of,  92G 

precipitates  with  per- 

salts  of  iron,  926 
precipitation  of  by  isin- 
glass, 925 

pure, preparation  of,  927 

— action  of  acids  on, 

928 

— alkaline  bases  on, 

928 

action  of  heat  on,  928 

• — various  reagents  on, 

928,  note 

its  ultimate  analysis, 

928 

Tanning,  art  of,  1182 
Tannogelatin,  928 
Tannous  acid  ? 928,  note 
Tantalite,  781 

its  sp.  gr.,  762 

Tantalum,  762 
Tapioca,  908,  note 
Tar,  984 

— animal,  984,  1132 

— bitter  principle  of,  987 

— coal,  984 

— mineral,  982 

— peculiar  principles  ob- 

tained from,  984 

— products  of,  984 

— vegetable,  984 
Tamarindus  indica , 1062 
Tarnish  of  silver,  801 
Tartar,  991 

— boraxated,  992 

— calcination  of,  562 

— cream  of,  991 

— adulteration  of  detected, 

992 

— cream  of,  soluble,  992 

— crude,  991 

— emetic,  996 

— oil  of,  per  deliquium,  562 
salt  of,  561 

— soluble,  991 

— in  wines,  1069 

— of  the  teeth,  1164 
Tartaric  acid,  989 

a test  of  potassa,  992 

• action  of  heat  on,  990 

various  reagents  on, 

990 

anhydrous,  990 

its  crystals,  990 

manufacture  of,  989 

its  properties,  990 

— ultimate  elements, 

892 

uses,  990 

Tartaric  ether,  1104 
Tartarus  boraxatus , 992 
Tartarus  tartarisatus , 991 
Tartrate  of  alumina,  997 

ammonia,  991,  997 

antimony,  995 

— and  potassa,  996 


Tartrate  of  baryta,  994 

bismuth,  996 

cerium,  996 

cobalt,  996 

copper,  995 

iron,  994 

lead,  711,  989,  995 

pyrophorus  from, 

995  " 

lime,  989,  993 

its  insolubility,  993 

lithia,  993 

and  potassa,  993 

magnesia,  994 

manganese,  994 

— and  potassa,  630 

mercury,  996 

nickel,  996 

potassa,  991 

• — and  ammonia,  992 

copper,  995 

iron,  995 

lead,  995 

— lime,  994 

lithia,  993 

mercury,  997 

silver,  997 

soda,  993 

tin,  995 

quinia,  1029 

silver,  997 

— and  antimony,  997 

and  potassa,  997 

soda,  992 

— and  lithia,  993 

strontia,  994 

tin,  995 

titanium,  996 

uranium,  996 

zinc,  995 

Tasteless  ague-drop,  746 

purging -salt,  583 

Taurin,  1161 
Tawed  leather,  1183 
Taylor,  J.  and  P.,  on  oil- 
gas illumination,  496 

on  pyroligneous  spirit, 

1125 

Tea,  examination  of  its  varie- 
ties, 1048 

— leaves,  active  principle 

of,  1048 
Tears,  1166 
Teeth,  enamel  of,  1192 

— tartar  of,  1164 
Tellurate  of  baryta,  742 

potassa,  743 

silver,  811 

Tellurates,  743 
Telluretted  hydrogen,  743 
Telluric  acid,  742 

hydrated,  743 

Tellurium,  derivation  of  its 
name,  742 

its  chloride,  743 

— compounds,  743,  n. 
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Tellurium,  its  hydruret,  743 
— * — — iodide,  743 

• ores,  742 

oxide,  (tellurous 

acid),  742 

— peroxide,  (telluric 

acid),  742 

— preparation,  742 

— salts,  their  general 

characters,  743 

sources,  742 

— specific  gravity,  742 

— ■ — - — sulpliuret,  743 
Tellurous  acid,  742 
Temperature  of  air  best 
adapted  for  warming, 
134 

combustion,  204 

of  the  Andes,  151 

of  the  atmosphere  de- 
creases in  proportion  to 
the  height  ascended, 
415,  note 

Tempering  steel,  666 
Tenacity  of  metals,  518 
Tennant  on  iridium,  840 

osmium,  838 

products  of  the  com- 
bustion of  the  diamond, 

467 

sulphate  of  zinc,  671 

Tennantite,  701 
Tension  of  electricity,  233, 
296 

Terchloride  of  chromium, 773 

columbium,  783 

Terfluoride  of  chromium,  773 
Terhydrocarbon,  490 
Teriodate  of  potassa,  547 
Teroxide  of  osmium,  839 
Tersilicate  of  magnesia,  860 
Tersulphuret  of  columbium, 
784 

molybdenum,  764 

tungsten,  781 

vanadium,  778 

Terra  foliata  miner  alls,  1117 

— tartari , 1116 

Terrestrial  radiant  heat,  186 
Tests  for  albumen,  1141 

— analysis  of  mineral  wa- 

ters, 1204 

— arsenic,  746,  758 

— copper,  710,  and  977,  n. 

— iron,  655 

— lead,  715,  716 

— lime,  605 

— magnesia,  626 

— manganese,  639 

— olive-oil,  955 

— phosphoric  acid,  444 
• — platinum,  833 

— potassa,  851 
and  soda,  57,  572 

— sulphuric  acid,  428,  note, 

607,  714 
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Tests  for  tin,  679 

— zinc,  6*73 

— of  voltaic  action,  290 

— papers,  use  of,  in  alkali- 

metry, 566 
Tetra-sulphuret,  64G 
Texture  affects  conducting 
power  of  bodies  for 
beat,  144 

Thea  bohea,  and  viridis , 1048, 
1057 

Tliebaia,  1020 

its  preparation  and  pro- 
perties, 1020 
Them,  1048 

Thenard  on  acetate  of  lead, 

1122 

arsenic  acid,  747 

■ arseniuretted  hydro- 

gen, 753 

arsenious  acid,  748 

nitre,  548 

borate  of  baryta,  814 

fat,  1186,  note 

metallic  alloys,  533 

• oxide  of  antimony,  721 

peroxide  of  calcium,  592 

hydrogen,  358 

— strontium,  615 

phosphate  of  cobalt, 687 

tartrate  of  iron  and  po- 

tassa,  995 

— potassaand  iron, 995 

Thenard’s  blue,  687 
Theories  of  light,  173 
Theory,  atomic,  see  Atomic 
Theory. 

— of  the  battery,  289 

— crystallization,  114,  120 
Thermo-electric  pile,  303 

electrics,  table  of,  302 

electricity,  300 

Thermometer,  air,  41,  141 

accuracy  of,  proved,  140 

degrees  of,  compared, 

139 


scales,  silvering  of,  812 

stationary  point  of  the, 

138,  152 

spirit  for,  tinged  with 

archil,  939,  note 
Thermoscopes,  303 
Thevart  invents  plate-glass, 
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Thilourier  on  the  expansi- 
bility of  liquid  carbonic 
acid  by  heat,  471 

solid  carbonic  acid,  471 

Thiolic  ether,  1108 
Thomson,  on  acetate  of  lead, 
1122 


— soda,  1117 
acetic  acid,  1115 
barley  and  malt,  911 
arseniate  of  magnesia, 
750 


Thomson  on  arseniate  of  soda, 
748 

bromine  in  muriatic 

acid,  364 

carbonate  of  copper, 

706 

chloride  of  cobalt,  685 

— magnesium,  621 

cobalt,  683 

congelation,  154 

hydrocarbons,  490 

melting  point  of  sul- 
phur, 157 

nickel,  689 

nitrate  of  mercury,  793 

oxide  of  antimony,  721 

— chromium,  767 

phosphate  of  lead,  717 

phosphuret  of  carbon, 

510 

■ phosphuretted  hydro- 

gen, 450 

quadriphospliate  of 

lime,  601 

tartrate  of  strontia,  994 

sulphate  of  iron,  647 

sulphite  of  lead,  716 

uranium,  733 

varieties  of  coal,  983 

his  atomic  table  of  mu- 
riatic acid,  367 

Dr.  A.  T.,  iodide  of 

iron,  644 

Thorina,  its  combinations, 
characters  of,  847 

— sources,  847 

sulphate,  847 

Thorinum,  its  chloride,  847 
— — — hydrated  oxide,  847 

oxide,  847 

— preparation,  847 

— properties,  847 

• — sources,  847 

Thunder,  sound  of,  251 

bolt,  251 

bolts,  (pyrites,)  645 

clouds,  251 

storm,  distance  of,  as- 
certained, 251 

— effects,  246 

— personal  safety  du- 
ring, 250 

— phenomena  of  the, 

246 

Tile  ore,  698 
Till  a europcea , 1058 
Tillard,  Capt.,  his  account  of 
a submarine  volcano, 
253 

Tilted  steel,  666 
Tin,  674 

— butter  of,  676 

— block,  674 

— filings,  674 

— grain,  674 

— liquor  for  dyers,  677 


Tin  medals,  how  bronzed, 679 

— mine,  674 

— plate,  679 

— — crystallized,  110 

— powdered,  674 

— putty,  675 

— stream,  674 

— wood,  676 

— its  acetate,  1119 

— — alchymical  character, 

674 

— — alloy  with  gold,  819 

iron,  679 

— — — potassium,  679 

— — ♦ — sodium,  679 

zinc,  679 

— — amalgam,  799 

—  uses  of,  799 

— — arseniate,  750 
benzoate,  97 6 

— — bisulphuret,  678 

— — borate,  679 

■ — — carbonate,  679 

— — chlorides,  676 
chromate,  771 

— — citrate,  1008 

combustion,  674 

ferrocyanuret,  679 

— • — fluoride,  677 

— - — hyposulphite,  679 
iodate  677 

— — iodide  677 
molybdate,  792 

— — nitrate,  677 
ores,  674 

— — oxalate,  1002 

— — oxides,  674 

— — — native,.  674 

— — oxide  forms  white 

enamel,  868 

— ■ — oxymuriate,  677 
peracetate,  1119 

— — perbromide,  677 

— — perchloride,  67 6 

— — periodide,  677 

— — permuriate,  677 

— — peroxide,  675 

— — — hydrated,  675 

— — — — native,  675 

phosphite,  679 

phosphuret,  679 

— — poisonous  nature,  674 

— — presence  tested,  679 

protacetate,  1119 

protobromide,  677 

— — protochloride,  67 6 

— - — — hydrated,  67 6 
protomuriate,  67 6 

— — protosulpliuret,  678 

— — protoxide,  674 
anhydrous,  674 

— hydrated,  674 

phosphate  of,  679 

— — salts,  their  general 

character,  679 

— — scsquioxide,  675 
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Tin,  its  sesquisulphuret,  678 

— — sources,  G74 

sp.  gr.,  074 

succinate,  901 

— — sulphate,  079 

— — sulphite,  679 

— — sulphurets,  678 

— — tartrate,  995 

• — — — with  potassa,  995 
Tincal,  587 

Tinctura  ferri  muriatis,  643 
Tincture  of  iodine,  340,  note 

■ iron,  alkaline,  644 

soap,  959 

turnsole,  939 

Tinned  copper,  799 
Tissues,  organic,  permeable 
by  hydrogen,  350 
Titaniate  of  potassa,  738 
Titaniates,  738 
Titanic  acid,  737 
Titaniferous  oxide  of  iron, 

737 

Titanium,  735 

discovered  by  Gregor, 

735 

pure,  how  obtained,  736 

its  chloride,  738 

compounds,  action  of 

the  blow-pipe  on,  739 

crystals,  735 

fluoride,  738 

name,  derivation  of, 

735 

ores,  736 

oxalate,  1004 

oxides,  736,  737 

peroxide,  737 

—titanic  acid,  737 

phosphate,  738 

— phosphuret,  738 

protoxide,  737 

salts,  their  general 

characters,  738 

sources,  735 

sulphuret,  738 

tartrate,  996 

Titano-fluoride  of  potassium, 
738 

Tobin,  Dr.,  breathes  nitrous 
oxide,  375 
Tombac,  709 
Topaz,  861 

Topping  on  the  varieties  of 
German  silver,  695,  n. 
Torricelli  constructs  the 
barometer,  400 
Torricellian  vacuum,  400 
Torpedo,  299 

Tourmalin,  electricity  of,  224 
Train-oil,  1187 
Tralles  on  alcohol,  1073 
Transfer  of  elements  by  elec- 
tricity, 277,  note 
Transparent  soap,  959 
Treacle,  899 


T ree  struck  by  lightning,  250, 
Trembleur,  299  \note 

Tri-arsenio-persulphuret  of 
sodium,  757 

Trieste,  sea-water  at,  con- 
tains bromine  but  no 
iodine,  344 
Tripliane,  588 

Triphosphate  of  soda  with 
basic  water,  583 
Triple  alloy  of  antimony, 
potassium  and  sodium, 
726 

Trisacetate  of  copper,  1121 

lead,  1122 

Trisulphate  of  copper,  704 
Tris-sulphate  of  zinc,  671 

zirconia,  844 

Tritetliionic  acid,  1097 
Triticum  hibernum , 1062 

repens,  1051 

Tritocarbohydrogen,  490 
Triumphant  Chariot  of  Anti- 
mony, 18 

Trommsdorf  on  oxalic  acid, 

— valerian,  1051  [1005 

— mucic  acid,  897 

— lignum  vitse,  1053 

— cascarilla,  1052 
Trona,  586 

Trough,  pneumatic,  323 

— voltaic,  265 
Troughton  on  expansion  by 

heat,  125 

Troughton’s  mural  circle, 835 
Truncated  angles  and  edges 
of  crystals,  108 
Tube-retort  for  oxygen,  328 
Tubes  for  alkalimetry,  564 

— of  plants,  873 
Tungstate  of  ammonia,  780 
baryta,  780 

iron,  780 

lime,  778,  note,  780 

magnesia,  780 

manganese,  780 

potassa,  780 

silver,  811 

soda,  780 

strontia,  780 

zinc,  780 

T ungstates,  their  general 
properties,  780 
Tungsten,  its  bisulphuret,781 

chlorides,  781 

deutoxide,  778 

native  compounds, 

778,  note 

oxides,  778 

percliloride,  781 

preparation,  778 

— phosphuret,  781 

— sources,  778 

sp.  gr.,  778 

— sulphurets,  781 

— tersulphuret,  781 


Tungstic  acid,  770 

action  of  the  blow-pipe 

on,  781 

its  sp.  gr.,  779 

Tupputi,  on  sulphate  of 
nickel,  691 
Turf,  984 

Turkey-red  calico,  934,  note  ' 
Turkeys’  fat,  1189 
Turmeric  root,  942,  1049 
Turnips,  896,  922,  1050 
Turpentine,  oil  of,  967 
deprived  of  oxygen,  re- 
sembles naphtha,  492 

inflamed  by  nitric  acid, 

386 

Turpeth,  mineral,  796 
Turner  on  albumen,  1141 

arsenic,  744,  745 

blood,  1149 

cadmium,  681 

etherine,  490 

• iodide  of  tin,  677 

purpuric  acid,  11 71 

radiation,  190 

respiration,  1199,  note 

triphosphate  of  soda 

with  basic  water,  583 

urine,  1168 

vanadium,  776,  778 

Tutenag,  695,  note,  709 
Tuthill,  Dr.,  on  potato- 
starch,  911 
Tutty,  668 

Tuyere,  or  tweer  of  a smelt- 
ing-furnace, 660 
Type-metal,  726 

Ulmate  of  potassa,  924 
Ulmic  acid,  923 

crystallized,  924 

Ulmin,  923 

Ulmus  campestris,  1053 
Ultimate  elements  of  animal 
bodies,  1131 

vegetables,  881 

vegetable  bodies,  table 

of,  891 
Umbers,  924 

Unguentum  hydrargyri , 785 
Unity,  hydrogen  as,  220 
— oxygen  as,  220 
Uniformity  of  composition  of 
the  atmosphere,  80 
Universal  solvent,  1 
Unmetallic  substances,  318 
Unverdorben  on  animal  tar, 
1132 

on  chromic  acid,  768 

oxide  of  manganese, 635 

perfluoride  of  chromi- 
um, 773 

pinic  acid,  978 

terfluoride  of  chromi- 
um, 773 

Upas  tieute , 1 032 
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Uranic  acid,  733 
Uranite,  732 
Uranitic  mica,  732 

ochre,  733 

Uranium,  732 
discovered  by  Kla- 
proth, 7,32 

its  acetate,  1123 

— ammonio-nitrate, 

734 

— arseniate,  751 

benzoate,  976 

— chloride  with  potas- 

sa,  734 

chlorides,  733 

chromate,  772 

citrate,  1009 

— compounds,  action 

of  the  blow-pipe  on,  735 

— cyanuret,  735 

ferriferous  oxide, 

732 

— ferrocyanuret,  735 

molybdate,  763 

■ — nitrate,  734 

— oxalate,  1003 

— oxides,  733 

peracetate,  734 

— percarbonate,  735 

— peroxide,  733 

hydrated,  733 

perphosphate,  734 

native,  734 

persalts,  735 

— persulphate,  734 

native,  734 

• — phosphuret,  734 

— potassa-chloride, 

734 

potassa-persulphate, 

734 

protosalts,  735 

— protosulphate,  734 

• — protoxide,  733 

hydrated,  733 

• — salts,  general  cha- 
racters of,  735 

— sesquioxide,  733 

— sources,  732 

sp.  gr.,  733 

subnitrate,  734 

— sulphates,  734 

— sulphuret,  734 

—  — tartrate,  996 

Urate  of  ammonia,  1171 

— — calculi  of,  1177 

— baryta,  1171 

— lime,  1171 

— magnesia,  1171 

— mercury,  1171 
— 'potassa,  1171 

— soda,  1171 

— strontia,  1171 

Ure  on  ambergris,  1190 

— arsenious  acid,  758 

— boiling-points,  160 


Ure  on  chloride  of  lime, 
594 

— chloride  of  calcium,  593 

— congelation,  156 

— crystallization,  112,  120 
• — detecting  arsenic,  758 

• — distilling  sulphuric  acid, 
429 

— expansion  of  solids  by 

heat,  125 

— indigo,  946 

— light  of  candles  and  coal- 

gas,  499 

— oil,  1187 

of  turpentine,  967 

— prussiate  of  potassa,  652 

— steam,  164 

— sugar,  904 

— sulphuric  acid,  422,  427, 

429 

— tartrate  of  iron,  994 

— Turkey-red  dyes,  935,  n. 

— varieties  of  coal,  983 
Ure’s  eudiometer,  408 

— instrument  for  the  analy- 

sis of  bleaching-powder, 
594 

— process  for  obtaining  io- 

dine, 340 

— — testing  the  strength  of 

hydrocyanic  acid,  506 

— table  of  muriatic  acid,  366 

— — nitric  acid,  385 

sulphuric  acid,  428 

Urea,  artificial,  500 

— (of  urine)  components  of, 

1169 

— crystals  of,  1169 
Ure  than,  1102 
Uric  acid,  1170 

in  calculi,  1177 

Urinary  calculi,  1168,  1175 

table  of,  1176 

Urine,  1167 

— ammonio-phosphate  of 

soda  in,  583 

— composition  of,  1107 
healthy,  1172 

— — in  diseases,  1172 

— free  acid  in,  1168 

— human,  1167 

— red  sand  of,  1175 

— solid  extract  in,  1174 

— sp.  gr.  of,  1167 

— sugar  of,  1175 

— white  sand  of,  1175 

— of  animals,  1178 

— — benzoic  acid  in,  975, 

1179,  note 

— of  the  camel,  1179 

— cow,  976,  1179,  and  note 

— elephant,  1179 

— hyeena  and  panther,  1179 

— horse,  1176,  note 

— rhinoceros,  1179 
Urobenzoic  acid,  1179 


Vacuo,  boiling  in,  162 
— — cooling  in,  196 

crystallization  in,  111 

electric  light  in,  234 

ice  procured  in,  168 

Leyden  jar  discharged 

in,  243 

radiation  of  heat  in, 

188 

Vacuum,  light  produced  in 
by  phosphuretted  hy- 
drogen, 415 

Nature’s  abhorrence  of 

a,  400 

Torricellian,  400 

Valentine,  Basil,  17 
Valerian,  1051 

extract  of  1052 

Valeriana  officinalis , 1051 
Valerianic  acid,  965,  note 
Vanadiate  of  ammonia,  77 6 
Vanadiates,  general  charac- 
ters of,  777 

Vanadiate  of  lead,  776 
Vanadic  acid,  776,  777 
Vanadium,  775 

its  bisulphuret,  778 

chlorides,  777 

deutoxide,  777 

— name,  derivation  of, 

775 

oxides,  776 

— phosphuret,  778 

preparation,  776 

— protoxide,  776 

sources,  775 

sulphurets,  778 

tersulphuret,  778 

Van  Helmont,  23 

his  air -thermometer, 4 1 

his  writings,  23 

Van  Marum  on  the  combus- 
tion of  phosphorus,  415 
Van  Troostwick,  483 
Vaporization,  158 

acceleration  of,  by 

heat,  167 

cold  produced  by,  1 67 

limits  of,  412 

Vapour,  aqueous,  its  consti- 
tution, 357 

caused  by  heat,  161 

— — cannot  lie  produced 
without  the  absorption 
of  heat,  1 69 

of  alcohol,  sp.  gr.  of, 

1072 

bromine,  345 

camphor,  sp.  gr.  of,  968 

carbon,  474,  475,  note 

ether,  sp.  gr.  of,  1084 

nitrous  acid,  380 

sulphur,  419 

turpentine,  sp.  gr.  of, 

967 

vesicular,  159 
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Vapours,  101 

compounds  of  fluids  and 

heat,  156 

electricity  of,  254 

expansion  of,  by  heat, 

124,  132 

latent  heat  of,  105 

under  high  pressures, 

160 

Variegated  copper,  702 
Varnish,  painters’,  954 

printers’,  954 

Varnishes,  973,  and  note  ib. 
Varvicite,  633 
Vauquelin,  70 

on  acetate  of  tin,  1119 

blood,  1144 

carbonate  of  copper, 

706 

chlorate  of  ammonia, 

396 

— mercury,  791 

chromium,  7 66 

cyanic  acid,  500 

daphnin,  1043 

ether,  1085 

glucina,  841 

lithia,  589 

nicotiana,  1038 

nicotina,  1038 

oxide  of  lead,  712 

sap  of  plants,  873,  note 

sulphate  of  strontia, 

617 

sulphuret  of  antimony, 

724 

lead,  715 

— palladium,  835 

tartrate  of  strontia,  994 

yttria,  815 

Vegetable  acids,  989  to  1014 
albumen,  varieties  of, 

917 

alkali,  539,  561 

alkaloids,  their  prepa- 
ration generally,  1015 
astringents,  how  distin- 
guished, 925 

bodies,  difficulty  of 

analyzing,  880 

— ultimate  elements 

of,  cannot  be  directly 
combined,  880 

organization  ne- 
cessary to  render  them 
nutritive,  880 

remarks  on,  891 

to  894 

table  of,  891 

blues,  942 

butters,  951,  957 

colouring-matter,  its 

attraction  for  earths 
and  oxides,  933 
colours  used  in  dyeing, 


Vegetable  emulsions,  951 

extract,  923 

food,  nutritive  princi- 
ples of,  922 

jell v,  896 

oils,  951 

osmazome,  1055,  1056 

phosphori,  201 

products,  869 

reds,  936 

salifiable  bases,  1015 

tar,  984 

volatile  oils,  965 

yellows,  941 

and  animal  oils  analo- 
gies of,  958 

Vegetables,  chemical  physio- 
logy of,  869 

putrefactive  changes  of, 

1129 

sap  of,  49 

their  colouring-matters, 

933 

their  composition,  879 

destructive  distilla- 
tion, 881 

— immediate  princi- 
ples, 894 

relative  proportions 

of  tannin,  925 

ultimate  elements, 

878 

Vegetation  purifies  air,  65 
Vegeto-alkalis,  924 

alkaloids,  891 

animal-matter,  915 

animal-principle  in  pol- 
len, 918 

Veins  of  metals,  516 
Velocity  of  light,  174 

sound,  174 

Ventilation,  133,  195 
Venus,  696 

salt  of,  704 

Venous  blood,  1145,  1196 
Veratria,  1035 

— muriate,  1036 

salts,  1036 

— sulphate,  1036 

Veratrum  alba,  1035,  1052 
Verd-antique,  604 
Verdic  acid,  1014 
Verdigris,  common,  1120 

crystallized,  1119 

English,  1120 

French,  1120 

Verditter,  706,  note 
Verdous  acid,  1014 
Vermilion,  794 
Vertiginous  magnetism,  310 
Vescicular  vapour,  159 
Vessels  for  gases,  323 
Vic  at  on  cements,  864 
Vinegar,  1109 

adulterations  of,  1111 

commercial,  1111 


Vinegar  corrodes  lead,  1121 

distilled,  1112 

— strength  of,  1112 

manufacture  of,  from 

pyroligneous  acid,  1114 

mothery,  1111 

radical,  1114 

sp.  gr.  of,  1111 

strength  of  determined, 

1112 

wort  for,  1111 

Vinous  fermentation,  1062 
Violet  light  affects  the  colour 
of  phosphorus,  439 
supposed  magnetic  ef- 
fects of,  185 

Violet  vapour  of  iodine,  341 
Vital  air,  329 

Vitality,  connexion  of  with 
electricity,  300 
Vitis  vinifera,  1062 
Vitreous  copper,  701 
Vitreous  electricity,  223 

silver  ore,  807 

Verifiable  lute  for  retorts, 438 
Vitriol  blue,  703 

green,  421 

Roman,  703 

of  the  alchymists,  704 

oil  of,  421 

its  discovery,  19 

V ivi  an  on  carburet  of  copper, 
705 

the  reduction  of  copper 

ores,  703 

Vogel  on  the  absorption  of 
oxygen  by  charcoal,  4 62 

oxalates,  1002 

Voice  affected  by  hydrogen, 
348 

Volatile  alkali,  391 
oils,  965 

Volcano,  sub-marine,  electri- 
cal phenomena  of,  253 
Volta,  93 

Volta’s  couronne  des  tasses, 

eudiometer,  352  [265 

pile,  93,  264 

Voltaic  action  tested,  290 

apparatus,  93,  264 

battery,  264 

Eabington’s,  266 

Children’s,  270 

Daniell’s,  293 

London  Institution, 

269 

Pepys’s  calorimeter, 

264 

Royal  Institution, 

269 

Wollaston’s,  267 

constant,  294 

discharge  of,  296 

dissected,  293 

electro-polar  state 

of,  268 
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Voltaic  battery,  light  of  its 
discharge,  206 

theory  of',  289 

combinations,  chemical 

properties  of,  266 

electricity,  258 

chemical  agencies  of, 

93,  277 

combustion  of  me- 
tals by,  270 

decomposes  water, 

273 

diverges  the  electro- 
meter, 261 

experiments  in  by 

Davy,  93 

heat  produced  by, 

93,  206 

identity  of  with  com- 
mon, 295 

intensity  of,  265 

laws  of,  264 

produces  magnetism, 

308 

quantity  of,  265 

sources  of,  289 

electrometer,  286 

light,  192,  206 

■ induces  chemical  ac- 

tion, 360 

magnet,  313 

pile?  93,  264 

— improvements  in, 
265 

plates,  large,  270 

spark,  206 

trough,  292,  265 

• — theory  of,  265 

Voltameter,  Faraday’s,  286 
Volume  of  gases  corrected 
for  pressure,  tempera- 
ture, &c.,  404,  note 
Volumes,  their  relation  to 
weights,  217 
Vulpinite,  599 

Wackenroder  on  corydalia, 
Wad,  634  [1040 

Wagnerite,  625 
W alchner  on  paratartaric 
acid,  1065,  note 
Walker  on  artificial  cold, 
155 

Walnuts,  1060 
Walnut  oil,  954 
Wall,  Dr.,  hints  at  the  ana- 
logy between  electricity 
and  lightning,  246 
Wallquist  on  tartrates,  996 
Wash,  1065 
Wash-leather,  1183 
Washed  ether,  1083 
Watchmakers’  oil,  956 
Water,  351 

— a bad  conductor  of  elec- 
tricity, 355,  note 


Water,  a bad  conductor  of 
heat,  356 

— absorbs  oxygen,  357 

— air  in,  357 

— an  imperfect  electrolyte, 

355,  note 

— assumed  as  the  standard 

in  sp.  gravities,  356 

— bomb-shells  burst  by 

freezing,  356 

— capacity  of  for  heat,  148 

— carbonic  acid  in,  357 

— consists  of  hydrogen  and 

oxygen,  351 

— contains  air,  356 

— distilled,  355 

— elementary  gases  of,  275 
— - gases  absorbed  by,  table 

of,  358 

— hard  and  soft,  354 

— oxygenated,  358 

— perfectly  pure,  a very  im- 

perfect conductor  of 
electricity,  345,  note 

— pipes,  serviceable  as  light- 

ning-conductors, 249,  n. 

— produced  by  combustion 

of  hydrogen,  usually 
acid,  352,  note 

— pure,  how  obtained,  355 

— — never  presented  by 

nature,  355 

— refracts  light,  356 

— solution  of  carbonic  acid 

in,  472 

■ — synthetic  experiments,  il- 
lustrating its  composi- 
tion, 351,  352 

— weight  of  ascertained,  356 

— its  absorption  by  chloride 

of  calcium  in  organic 
analysis,  888 

action  on  glass,  864,  n. 

metals,  526 

— — • — sulpliuret  of  potas- 

sium, 555 

— — analysis  and  synthesis, 

351 

bad  odour  removed  by 

charcoal,  461,  note 

— — boiling-point,  159 

— — composition,  351 

—  Lavoisier  on,  354 

— — compressibility,  357 
congelation  by  cold,  356 

— — contamination  with 

lead,  711 

— — crystals,  form  of,  356 

— — decomposition  by  elec- 

tric shocks,  354 
by  heat  and  electri- 
city, apparatus  for,  354 

—  heated  iron,  354 

—  voltaic  electricity, 

351,  354 

— — distillation,  355 


Water,  its  ebullition,  357 

— — electrolysis,  274 

— — expansion  by  freezing, 

356 

— — impurities  affect  the 

results  of  its  voltaic 
analysis,  355 

luminosity  upon  com- 
pression, 357 

— — natural  and  artificial 

agencies,  358 

— — production  by  burning 

hydrogen,  351 
• — — properties,  355 

— — sp.  gr.,  356 

— — — assumed  as  unity, 

356 

— — — at  all  temperatures 

between  30°  and  80°, 
1203 

— — • — in  reference  to  air, 

356 

— — vapour,  (steam,)  sp. 

gr.  of,  357 

— — weight  in  organic  ana- 

lysis, how  ascertained, 
884 

— of  crystallization,  357 

— barometers,  401,  note 

— gilding,  821 

— proof  clothing,  491 

— spout,  phenomena  of, 

253 

Waters,  hard,  598 

— mineral,  analysis  of,  1205 

— — tables  of,  1211,  1212 

— of  copper-mines,  704 

— of  the  boiling  Geysers 

contain  silica,  856 
Watson,  on  the  velocity  of 
electricity,  227 
Watt,  G.,  on  slow  cooling, 
107,  note 

Watt,  James,  on  the  bulk  of 
steam,  158 

— the  steam-engine,  171 
Wavellite,  853 

Wax,  957 

— bleaching  of,  957,  note 

— action  of  nitric  acid  on, 

958, 

— lute,  958 

— myrtle,  957 

— white,  957 

— its  slow  conversion  into 

oxalic  acid,  958 

— — ultimate  analysis,  958 

— tapers,  green,  their  uses, 

329 

Wedgwood,  on  pyrometers, 
140 

jasper  ware,  611 

Weight  increased  by  com- 
bustion, 31 

of  carbonic  acid  gas, 

471 
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Weights,  atomic,  how  deter- 
mined, 220 

— logometric  scale  of, 

218 

their  relation  to  vo- 
lumes, 217 

and  measures,  table  of, 

1201 
Weld,  94 

— yellow,  941 
Welding  by  heat,  150,  note 
of  iron,  039 

platinum,  832 

Welter  and  Gay  Lussac,  on 
hyposulphate  of  baryta, 
610 

the  errors  in  alka- 
limetry, 565,  note 
Weltiier,  on  bitter  princi- 
ple, 925 

W enzel  on  acetate  of  potassa, 

1117 

nitrate  of  magnesia, 

622 

sulphate  of  iron,  647 

— lime,  599 

— magnesia,  624 

— zinc,  671, 

sulphuret  of  lead,  715 

Whale-oil,  1187 
Wheat,  922 

and  other  grains,  com- 
parative nutrition  of, 
915,  note,  922 

meal,  starch,  908 

W heatstone,  on  the  velocity 
of  electricity,  227 
W hewell,  on  crystallization, 
120 

his  chemical  abbrevia- 
tions, 322 
Whey,  1151,  1157 
Whortle-berry,  1057 
Wire-gauze  extinguishes 
flame,  208 

White  arsenic,  744,  see  ar- 
senious  acid 

— — a flux  for  glass,  865 

— — native,  746 
tests  for,  746,  758 

— briony,  1050 

— cast  iron,  664 

— copper,  694 

— enamel,  675,  868 

— flux,  551,  567 

— granular  limestone,  603 

— Indian  fire,  754 

— indigo,  945 

— lac,  940 

— lead,  713 

— metal,  727 

— oxide  of  bismuth,  726 

— permanent,  611 

— precipitate  of  mercury, 

791 

— rosin,  976 


White  sympathetic  ink,  730 

— wax,  957 

— wines,  1070 

Wiegleh  on  Manheim  gold, 
709 

Wieland  on  artificial  gems, 
868 

Williams,  Dr.,  onphospliori, 

197 

Williams,  Major,  his  experi- 
ments on  freezing  water 
356 

Wilson’s  hygrometer,  411 
Wine,  1066 

— alcohol  ready  formed  in, 

1067 

— changes  of,  in  bottles,  1 069 

— — the  cask,  1069 

— colouring-matter  of,  1070 

— oil  of,  1092 

— heavy'  oil  of,  1092 

— oil  of  (light),  1094 

— spirit  of,  1070 
Wines,  bouquet  of,  1069 

— colour  of,  1070 

— deposit  from,  1069 

— effervescent,  1069 

— proportion  of  alcohol  in, 

1068 

— red,  1070 

— strength  of  increased  in 

the  cask,  1069,  note 

— tartar  in,  1066 

— white,  1070 

Winter  a aromatica , 1053 
Winter’s  canella  bark,  1053 
Withering,  Dr.,  on  carbo- 
nate of  baryta,  613 
Wittstock  on  morphia,  101 6 
Woad,  or  isatis,  943 
Woon,  C.,  platinum  made 
known  by,  821 
Wood,  acid  of,  1113 

action  of  acids  on,  919 

— — - — alkalies  on,  919 

— chlorine  on,  919 

— earthy  and  metallic 

salts  on,  919 

— heat  on,  920 

— sulphuric  acid  on, 

919 

ash,  562 

bread  made  from,  920 

combustion  of,  920 

consists  of  carbon  and 

water,  921 

destructive  distillation 

of,  920 

dry-rot  of,  918 

flour,  920 

paper  made  from,  920 

■ source  of  charcoal,  460 

sp.  gr.  of,  136 

ultimate  analysis  of  va- 
rieties of,  921 

its  fibrous  texture,  919 


Wood,  its  lignin,  per  cent., 
919 

sp.  gr.,  919 

Woods,  1053 

quantity  of  pyrolig- 

neousacid  from,  1 1 1 3 ,n. 
Woodward  reveals  the  secret 
of  Prussian  blue,  84 
Woody  fibre,  918 
Wohler  on  arsenic,  745 

aluminum,  848 

artificial  urea,  500 

chloride  of  aluminum, 

850 

glucinum,  841 

manganese,  631 

— — — - permanganic  acid,  635 

potassium,  537 

sulphocyanuret  of  po- 
tassium, 569,  note 

tungsten,  778 

yttrium,  846 

and  Liebig  on  amygda- 
line, 971 

- — benzamide,  973 

— benzine,  974 

— oxide  of  barium, 606 

Wolfram,  778,  note 
Wolframium,  778 
W ollaston  on  atomic  theory, 
102 

cadmium,  680 

calculi,  1190 

— chemical  power  of  solar 

rays,  185 

columbium,  782 

crystals,  115 

equivalents,  218 

expansion  by  heat,  125 

finite  extent  of  the  at- 
mosphere, 412 

magnesia,  620 

malleable  platinum,  822 

oxalates,  1000 

palladium,  833 

primitive  forms,  120 

refracting  power,  177 

rhodium,  836 

testing  for  magnesia, 

626 

titanium,  735 

W ollaston’ s cryophorus,  1 69 

voltaic  pile,  289 

Wollaston,  Rev.  Mr.,  on 
boiling  of  water,  159 
Wootz,  or  Indian  steel,  666, 
853 

Words,  luminous  electrical, 
237 

Wormwood,  1054 

salt  of,  561,  1055 

Wort,  1063 
— sp.  gr.  of,  1064 
W oulfe,  anecdotes  regard - 
ing,  16 

i onaurum  musivum,678 
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Woulfe’s  apparatus  for  mu- 
riatic acid,  363 
Writing-fluid,  probable  com- 
position of,  929 

ink,  basis  of,  929 

recipe  for  making,  929, 

note 

prevention  of  its  mould- 
iness, 929,  note 
Wrought-iron,  66*4 

Xantliogene,  509 

Yeast,  917 

— use  of  in  fermentation, 
1063 

Yellow  bark,  1052 

bitter  principle,  925 

copper  ore,  702 

dyes,  941 

light  homogeneous,  206 

ore,  742 

quartz,  855,  note 

sulpliuret  of  arsenic, 754 

Young,  Dr.,  on  light,  173 

on  the  blood,  1136 

Yttria,  846 

ammonio-carbonate, 

846 

carbonate,  846 

nitrate,  846 

— phosphate,  845,  846 

properties,  846 

— salts,  general  cha- 
racters of,  846 

sp.  gr.,  846 

— sulphate,  846 

with  potassa,  846 

Yttrium,  845 

its  chloride,  846 

— fluoride,  845,  846 

— oxide,  846 

— preparation,  845 

— sources,  845 

Yttrocerite,  740,  845 
Yttrotantalite,  781,  845 

Zaboada  on  oxide  of  mer- 
cury, 780 
Zaffre,  684 

Zamboni  his  dry  pile,  261 
Zanthoocylum  caribczum , 1053 
Zea  mais , 1062 
Zeise  on  etherized  salts, 
1078,  note 

hydroxanthic  acid,  509 

mercaptum,  1109 

Zenneck  on  alizarine,  936 

gluten,  918 

Zig-zag  progress  of  light- 
ning,', 252 


Zimoma,  916 
Zinc,  668 

— amalgamated  for  voltaic 

action,  290,  note 

— butter  of,  669 

— flowers  of,  668 

— its  acetate,  1118 
alloys,  673 

alloy  with  gold,  819 

iron,  673 

potassium,  673 

sodium,  6*73 

tin,  679 

amalgam,  798 

ammonio-sulpliate, 

671 

arseniate,  730 

benzoate,  976 

biphosphate,  672 

borate,  673 

bromide,  670 

- — — carbonate,  672 

— — — native,  672 

chlorate,  670 

chlorides,  669 

chromate,  771 

citrate,  1008 

combustibility,  668 

— — crystalline  texture, 668 
cyanuret,  673 

ferrocyanuret,  673 

fluoride,  670 

fulminate,  798 

hypophosphite,  672 

liyposulphate,  671 

hyposulphite,  670 

iodate,  670 

iodide,  670 

lactate,  1129 

molybdate,  702 

muriate,  669 

nitrate,  670 

ores,  reduction  of,  672 

oxalate,  1002 

oxidation  by  air,  668 

oxides,  668 

permanent  elongation 

by  heat,  125 

phosphate,  672 

-1 phosphite,  672 

pliosphuret,  672 

— • — presence  tested,  6 73 

properties,  668 

protoxide,  668 

hydrated,  669 

salts  acted  on  by  the 

blow-pipe,  673 
their  general  cha- 
racters, 673 

its  silicate,  860 

silico-fluoride,  858 


Zinc,  its  sources  and  prepa- 
ration, 667 

sp.  gr.,  668 

subarseniate,  730 

suboxide,  668 

subphosphate,  672 

succinate,  981 

sulphate,  671 

anhydrous,  671 

crystallized,  671 

native,  672 

—  with  ammonia,  671 

potassa,  671 

sulphite,  671 

sulphuret,  670 

native,  670 

sulphuretted  sulphite, 

670 

tartrate,  995 

— • — tungstate,  780 

tris-sulphate,  671 

uses,  668* 

— and  copper  for  voltaic  or 

galvanic  combinations, 
264 

Zincocyanuret  of  potassium, 
673 

Zircon,  861 

or  jargon,  843 

Zirconia,  861 

its  ammonio-sulpliate, 

8441 

carbonate,  845 

disulphate,  844 

— — — hydrate,  843 

— metallic  base,  842 

— nitrate,  844 

— phosphate,  845 

— potassa-sulphate, 

844 

— preparation,  843 

— properties,  843 

— salts,  general  cha- 
racters of,  845 

silicate,  843 

— sources,  842,  843 

— sp.  gr.,  843 

— sulphate,  843,  844 

trisulphate,  844 

Zirconium,  842 

its  chloride,  844 

— fluoride,  844 

hydrated  chloride, 

844 

oxide,  842 

potasso-fluoride,844 

sources  and  proper- 
ties, 842 

sulphuret,  844 

Zoophytes.  1192 
Zumic  acid,  1128 
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ERRATA,  CORRIGENDA,  AND  INSERTIONS,  IN  THE  INDEX. 


PAGE 

1215,  col 

1220,  — 


line  4G,  insert  Album  Graecum,  1193. 

— 38,  for  1192,  read  1194. 

— 11,  for  1194,  read  1195. 

— I,  fur  Bugnatelt.i’s,  read  Brug- 

NATELLl’S 

— 1,  for  Carbonic  acid  gas,  fermen- 
tation, read  Carbonic  acid  gas, 
its  evolution  during  fermenta- 
tion. 

— 44,  for  De  Marian,  read  De  Mairan 

— 26,  for  Chiton,  1194,  read  Cliitin, 
1 195,  note. 

1238,  — 1,  — 65,  fur  1193,  read  1195. 

66,  for  1195,  read  1196. 

1,  for  1195,  read  1196. 

2,  for  1194,  read  1195. 

54,  for  1195,  read  1196. 

33,  insert  Cupra,  523. 

30,  insert  Delphinic  acid,  1188. 

17,  for  1193,  read  1194. 

30,  for  anious,  read  anions. 

6 6,  for  1194,  read  1195, 


1230,  — 
1232,  — 


1235, 

1236. 


1245, 

1247, 

1248, 
1251, 
1254, 


3, 

1, 

2, 

2, 

3, 


2, 

2, 

1. 

1, 

2, 

2, 

3, 

3, 

3, 

3, 

2, 

2, 


PAGE 

1255,  after  Fat,  uses  of,  1 186,  read  as  follows 
Fat,  varieties  of,  viz. 


1258,  col.  1, 

1259,  — 3, 
1269,  — 3. 
1275,  — 1, 
1281,  — 1, 

„ - 1, 
1288,  — 1. 
1293,  — 2, 
1296,  — 3, 


bird’s,  1189. 
bone,  1192. 
duck’s,  1189. 
goat’s,  1189. 
goose,  1189. 
hog's,  1185. 
human,  1185. 
insects’,  1189. 
mutton,  1186. 
ox,  1185. 
turkey’s,  1189. 

line  64,  for  1164,  1194,  read  1164,  1195. 

— 34,  insert  Gold,  814. 

— 9,  insert  Iron,  its  sulphocyanate, 

— 45.  dele  Man,  631  [1198. 

— 38,  insert  Negro  skin,  191. 

— 61,  dele  Nie,  689. 

— .29,  insert  Phosphorous  acid,  441. 

— 32,  insert  Quadrupeds,  bones  of, 

— 56,  fur  1294,  read  1296.  [1193. 
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